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The  great  principle  of  inheritance  to  be  discnssed  in  thiB 
chapter  has  been  recognised  by  agricultunsts  and  authors  of 
various  nations,  as  shown  by  the  scientific  term  Atavism,  de- 
rived from  atavus,  an  ancestor;  by  the  Engli^^h  terms  of 
Heversiany  or  Throtoing-hack ;  by  the  French  Pas  en-Arriere ; 
and  by  the  German  RUkksMag,  or  Barl'schriit.  Wlieii  the 
child  resembles  either  grandparent  more  closely  than  its 
immediate  parents,  our  attention  is  not  much  arrested,  though 
in  truth  the  fact  is  highly  remarkable;  but  when  the  child 
resembles  some  remote  ancestor  or  some  distant  member  in  a 
collateral  line, — and  in  the  last  case  we  must  attribute  this  to 
the  descent  of  all  the  members  from  a  common  progenitor, — 
we  feel  a  just  degree  of  astonishment.  When  one  parent 
alone  displays  some  newly-acqnired  and  generally  inheritable 
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character,  aTid  the  oSspring  do  not  inherit  it,  the  cause  ma/ 
lie  in  the  other  parent  having  the  power  of  prepotent  trans- 
mission. But  when  both  parents  are  similarly  characterised, 
and  the  child  does  not,  whatever  the  cause  may  be,  inherit 
the  character  in  question,  but  resembles  its  grandpai*ents,  wo 
have  one  of  the  simplest  cases  of  reversion.  We  continually 
see  another  and  even  more  simple  case  of  atavism,  though 
not  generally  included  under  tliis  head,  namely,  when  the  son 
more  closely  resembles  his  maternal  than  his  paternal  grand- 
sire  in  some  male  attribute,  as  in  any  peculiarity  in  the  beard 
of  man,  the  horns  of  the  bull,  the  hackles  or  comb  of  the  cock, 
or,  as  in  certain  diseases  necessarily  confined  to  the  male  sex ; 
for  as  the  mother  cannot  possess  or  exhibit  such  male  attri- 
butes, the  child  must  inherit  them,  through  her  blood,  from 
his  matemal  grandsire. 

The  cases  of  reversion  may  be  divided  into  two  main  classes 
which,  however,  in  some  instances,  blend  into  one  another ; 
namely,  first,  those  occurring  in  a  variety  or  race  which  has 
not  been  crossed,  but  has  lost  by  variation  some  character 
that  it  formerly  possessed,  and  which  afterwards  reappears. 
The  second  class  includes  all  cases  in  wliich  an  individual 
with  some  distinguishable  character,  a  race,  or  species,  has  at 
some  former  period  been  crossed,  and  a  character  derived  from 
this  cross,  after  having  disappeared  during  one  or  several 
generations,  suddenly  reappears.  A  thii  d  class,  diflbring  only 
in  the  manner  of  reproduction,  might  bo  formed  to  include 
all  cases  of  reversion  e fleeted  by  means  of  buds,  and  therefore 
independent  of  true  or  seminal  generation.  Perhaps  even  a 
fourth  class  might  be  instituted,  to  include  reversions  by  seg- 
ments in  the  same  individual  flower  or  fruit,  and  indifl'erent 
parts  of  the  body  in  the  same  individual  animal  as  it  grows 
old.  But  the  two  first  main  classes  will  be  sufficient  for  oui 
purpose. 

Iteversion  to  lost  Characters  hy  pure  or  tincrossed  forms.^-^ 
Striking  instances  of  this  first  class  of  cases  were  given  in 
the  sixth  chapter,  namely,  of  the  occasional  reappearance,  in 
variously-coloured  breeds  of  the  pigeon,  of  blue  birds  with  all 
the  marks  characteristic  of  the  wild  Columbu  livia.     Similar 
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ca90!8  were  given  in  the  ease  of  the  fowL  With  the  commoix 
aas,  as  the  legs  of  the  wild  pix^enitor  Are  almost  always 
striped,  we  may  feel  assured  that  the  occasional  appcaranoe 
of  such  stripes  in  the  domestic  animal  is  a  case  of  simple 
reversion.  But  I  shall  be  compelled  to  n^fer  again  to  these 
oases,  and  therefore  here  pass  them  over. 

The  aboriginal  species  from  which  our  domesticated  cattle 
and  sheep  are  desoended,  no  doubt  possessed  horns;  but 
several  hornless  breeds  are  now  well  established.  Yet  in 
these — for  instance,  in  Southdown  sheep — **  it  is  not  unusual 
to  find  among  the  male  lambs  some  with  small  horns.*'  'i  he 
horns,  which  thus  occasionally  reappear  in  other  polled  breeds, 
eitlier  "  grow  tj  the  full  size,"  or  are  curiously  attached  to  the 
skin  alone  and  hang  "loosely  down,  or  drop  oT."*  The 
Galloways  and  Suffolk  cattle  have  been  hornless  for  the  last 
100  or  160  years,  but  a  horned  calf,  with  the  horn  often 
loosely  attached,  is  occasionally  produced.' 

There  is  reason  to  believe  that  sheep  in  their  early  domesti- 
cated condition  were  "  brown  or  dingy  black ; "  but  even  in 
the  time  of  David  certain  flocks  were  spoken  of  as  white  as 
Bnow.  During  the  classical  period  the  sheep  of  Spain  are 
described  by  several  ancient  authors  as  being  black,  red,  or 
tawny .^  At  the  present  day.  notwithstanding  the  great  care 
which  is  taken  to  prevent  it,  particoloured  lambs  and  some 
entirely  black  are  occasionally,  or  even  frequently,  dropped 
by  our  most  highly  improved  and  valued  breeds,  such  as  the 
Southdovvns.  bince  the  time  of  the  famous  Bakewell,  during 
the  last  century,  the  Leicester  sheep  have  been  bred  with  the 
most  scrupulous  care  ;  yet  occasionally  grey-faeed,  or  blac^<- 
spotted,  or  wholly  black  lambs  appear.*  'i'his  occurs  still 
more  frequently  with  the  less  improved  breeds,  such  as  the 
Norfolks.*  As  bearing  on  this  tendency  in  sheep  to  revert 
to  dark  colours,  I  may  state  (though  in  doing  so  I  trench  on 

1  Totiati  on  Sheep,  pp.  20,  234.  145. 

The  same   fact  of   loose   horna    oc-  *  I  hare  been  informed  of  this  fact 

casionally  appearing  in  hornless  bree  Is  through  the  Kev.  W.  D.  Fox,  on  the 

has     been    observed     in     Germany ;  ezcelltint  authority  of  Mr.  Wilmot : 

Bechstein,     *  Naturgeich.     Deutsch-  secj  also,  remarks  on  this  subject  in 

kadi.*  b.  i.  s.  362.  an  article  in  the  *  Quarterly  lieviiWy 


«  Yoaatt  on  Cattle,  pp.  155,  174.         1849,  p.  395. 

*  Youatt  on  Sheep,  1838,  pp.  17,  *  Youatt,  pp.  19,  2:4. 
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the  roversion  of  crossed  breeds,  and  likewise  on  the  subject  of 
prepotency)  that  the  Rov.  W.  D.  Fox  was  informed  that  seven 
white  Southdown  ewes  were  put  to  a  so-called  Spanish  ram, 
which  had  two  small  black  spots  on  his  sides,  and  they  pro- 
duced thirteen  lambs,  all  perfectly  black.  Mr.  Fox  believes 
that  this  ram  belonged  to  a  breed  which  he  has  himself  kept, 
and  which  is  always  spotted  with  black  and  white ;  and  he 
finds  that  Leicester  sheep  crossed  by  rams  of  this  breed  always 
produce  black  lambs :  he  has  gone  on  recrossing  these  crossed 
sheep  with  pure  white  Leicesters  during  three  successive 
generations,  but  always  with  the  same  result.  Mr.  Fox  was 
also  told  by  the  friend  from  whom  the  spotted  breed  was 
procured,  that  he  likewise  had  gone  on  for  six  or  seven  gene- 
rations crossing  with  white  sheep,  but  still  black  lambs  were 
invariably  produced. 

Similar  facts  could  be  given  with  resx)ect  to  tailless  breeeds 
of  various  animals.  For  instance,  Mr.  Hewitt  ^  states  that 
chickens  bred  from  some  rumpless  fowls,  which  were  reckoned 
BO  good  that  they  won  a  prize  a^an  exhibition,  **  in  a  consider- 
able number  of  instances  were  furnished  with  fully  developed 
tail-feathers."  On  inquiry,  the  original  breeder  of  these  fowls 
stated  that,  from  the  time  when  he  had  first  kept  them,  they 
had  often  produced  fowls  furnished  with  tails ;  but  that  these 
latter  would  again  reproduce  rumpless  chickens. 

Analogous  cases  of  reverision  occur  in  the  vegetable  king- 
dom ;  thus  **  from  seeds  gathered  from  the  finest  cultivated 
varieties  of  Heartsease  (Fioia  tricolor),  plants  perfectly  wild 
both  in  their  foliage  and  their  flowers  are  frequently  pro- 
duced ;" '  but  the  reversion  in  this  instance  is  not  to  a  very 
ancient  period,  for  the  best  existing  varieties  of  the  heartsease 
are  of  comparatively  modem  origin.  With  most  of  our  cul* 
tivated  vegetables  there  is  some  tendency  to  reversion  to 
what  is  known  to  be,  or  may  be  presumed  to  be,  their  abori- 
ginal state ;  and  this  would  be  more  evident  if  gardeners  did 
not  generally  look  over  tlieir  beds  of  seedlings,  and  pull  up 

•  *  The    Poultry     Book,'    by    Mr.  much  experience  on  this  subject,  hu 

Tegetmeier,  1866,  p.  231.  likewise  assured  me  that  tbi«  sone- 

'  I^iidon's  *  Gari.  Mag./  vol.  x.,  times  occurs 
lt34,  p.  396'   a  nurserymao.  with 
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the  faLse  plants  or  "rogues"  as  tlit.y  are  called.  It  has 
already  been  remarked,  that  some  few  seedling  ap;  lea  and 
pears  generally  resemble,  but  appaiently  are  not  identical 
with,  the  wild  trees  from  which  they  are  descended.  In  our 
turnip®  and  carrot-beds  a  few  plants  often  •*  bieak" — that  is, 
flower  too  soon  ;  and  their  roots  are  generally  hard  and 
stringy,  as  in  the  parent-species.  By  the  aid  of  a  little 
selection,  carried  on  during  a  few  generation^,  mo^t  of  our 
cultivated  plants  could  probably  be  brought  back,  without 
any  great  change  in  their  conditions  of  life,  to  a  wild  or 
nearly  wild  condition :  Mr.  Buckman  has  effected  this  with 
the  parsnip  ;  ^  and  Mr.  Hewett  C.  \Vat»<on,  as  he  informs  me, 
selected,  during  three  generations,  **the  most  diverging 
plants  of  Scutch  kail,  perhaps  one  of  the  lea>t  modified 
varieties  of  tlie  cabbage ;  and  in  the  third  generation  t>ome 
of  the  plants  came  very  clo»e  to  the  forms  now  Cbtablished  in 
England  about  old  castle-walls,  and  called  indigenous.'* 

Bevernon  in  Animals  and  Plants  which  have  run  toild.— In 
the  cases  hitherto  considered,  the  reverting  animals  and 
plants  have  not  been  exposed  to  any  great  or  abrupt  change 
in  their  conditions  of  life  which  could  have  induced  this 
tendency ;  but  it  is  veiy  different  with  animals  and  plants 
which  have  become  feral  or  run  wild.  It  has  been  repeatedly 
asserted  in  the  most  positive  manner  by  various  authors,  that 
feral  animals  and  plants  invariably  return  to  their  primitive 
■peciEc  type.  It  is  curious  on  what  little  evidence  this  belief 
rests.  Many  of  our  domesticated  animals  could  not  bubsist 
in  a  wild  state ;  thus,  the  more  highly  improved  breeds  of 
the  pigeon  will  not  "  field "  or  search  for  their  own  food. 
Sheep  have  never  become  feral,  and  would  be  destroyed  by 
almost  every  beast  of  prey.*®  In  several  cases  we  do  not 
know  the  aboriginal  parent-species,  and  cannot  possibly  tell 

*  'Gardener's    Chron./    1855,    p.       found  that  they  are  not  ahle  to  es- 
777.  tablish   themselves;    they    generally 

*  Ibid.,  1862,  p.  721.  perish  from  the  frozen  snow  clinging 
>*  Mr.    Boner    speaks   Q  Chamois-      to  their  wool,  and  they  have  lost  tht^ 

hnnling,'  2nd  edit.,  1860,  p.  92)  of  skill  necessary  to  pass  over  steep  icy 

■heep    often    running    wild    in    the  slopes.      On  one  occaaion  two  e\ve« 

BaTarian    Alps ;    bnt,    on    making  surrlved  the  winter,  but  their  Iambi 

farther  inquiries  at  my  request,  he  perished. 
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whether  or  not  there  has  been  any  close  degreo  of  reversion. 
It  is  not  kno^Ti  in  any  instance  what  variety  was  first  turned 
out ;  several  varieties  have  probably  in  some  cases  nin  wild, 
and  their  crossing  alone  would  tend  to  obliterate  their  proper 
character.  Our  domesticated  animals  and  plants,  when  they 
run  wild,  must  always  be  exposed  to  new  conditions  of  life, 
for,  as  Mr.  Wallace  "  has  well  remarked,  they  have  to  obtain 
their  own  food,  and  are  exposed  to  competition  with  the  native 
productions.  Under  these  circumstances,  if  our  domesticated 
animals  did  not  undergo  change  of  some  kind,  the  result 
would  be  quite  opposed  to  the  conclusions  arrived  at  in  this 
work.  Nevertheless,  I  do  not  doubt  that  the  simple  fact 
of  animals  and  plants  becoming  feral,  does  cause  some 
tendency  to  rever:sion  to  tlio  primitive  state;  though  thia 
tendency  has  been  much  exaggerated  by  some  authors. 

I  will  briefly  run  through  the  recorded  cases.  With  neither 
horses  nor  cattle  is  the  primitive  stock  known;  and  it  has  been 
shown  in  former  chapters  that  they  have  assumed  different  colours 
in  different  countries.  Thus  the  horses  which  have  run  wild  in 
South  America  are  j^enerally  brownish-hay,  and  in  the  East  dun- 
coloured;  their  heads  have  become  larger  and  coarser,  and  this 
may  be  due  to  reversion.  No  careful  description  has  been  given  of 
the  feral  goat.  Dogs  which  have  run  wild  in  vanous  countries 
have  hardly  anywhere  assumed  a  uniform  character ;  but  they  are 
probably  descended  from  several  domestic  races,  and  aboriginally 
from  several  distinct  species.  Feral  cats,  both  in  Europe  and 
La  Plata,  are  regularly  striped ;  in  some  cases  they  have  grown  to 
an  unusually  large  size,  but  do  not  differ  from  the  domestic  animal 
in  any  other  character.  When  variously-coloured  tame  rabbits 
are  turned  out  in  Europe,  they  generally  reacquire  the  colouring  of 
the  wild  animal ;  there  can  be  no  doubt  that  this  does  really  occur, 
but  we  should  remember  that  oddly-coloured  and  conspicuous 
animals  would  suffer  much  from  beasts  of  prey  and  from  being 
easily  shot ;  this  at  least  was  the  opinion  of  a  gentleman  who  tried 
to  stock  his  woods  with  a  nearly  white  varie^ ;  if  thus  destroyed, 
they  would  l)e  supplanted  by,  instead  of  being  transformed  into, 
the  common  rabbit.  We  have  seen  that  the  feral  rabbits  of  Jamaica, 
and  especially  of  Porto  Santo,  have  assumed  new  colours  and  other 
new  characters.  The  best  known  case  of  reversion,  and  that  on 
which  the  widely  spread  belief  in  its  universality  apparently  rests, 
is  that  of  pigs.  These  animals  have  run  wild  in  the  West  Indies, 
South  America,  and  the  Falkland  Islands,  and  have  everywhere 

"  See  some  excellent  remarks  on  Ppoc  Linn.  Sec.,'  1858,  vol.  iii.  p.  60, 
thu  subject  by  Mr.  V'allace,  *■  Jonrnal 
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acquired  the  dark  colour,  the  thick  bristle?,  and  great  tunka  of  tho 
wild  boar;  and  the  yonng  have  reacquired  loncntudinal  st ripen. 
.Out  even  in  the  case  of  the  pip,  Koulin  describos  the  half-wild 
aninials  in  different  parta  of  South  America  as  differing:  in  sevcrftl 
respects.  In  Louisiana  the  pig''  has  ran  wild,  and  is  said  to  differ 
a  little  in  form,  and  much  in  colour,  from  the  domestic  animal,  yet 
does  not  closely  resemble  the  wild  boar  of  Europe.  With  pigeons 
and  fowls,"  it  is  not  known  what  variety  was  first  tamed  out,  nor 
what  character  the  feral  birds  have  assumed.  The  guinea-fowl  in 
the  West  Indies,  when  feral,  seems  to  vary  more  than  in  tho 
domesticated  state. 

\yith  respect  to  plants  run  wild.  Dr.  Hooker"  has  strongly 
insisted  on  what  slight  evidence  the  common  belief  in  their 
reversion  to  a  primitive  state  rests.  Godron"  describes  wild 
turnips,  carrots,  and  celei^;  but  these  plants  in  their  cultivate<l 
state  hardly  differ  from  their  wild  prototypes,  except  in  the  succn- 
lency  and  enlargement  of  certain  parts, — characters  which  would 
certainly  be  lost  by  plants  growing  in  poor  soil  and  struggling  with 
other  plants.  No  cultivated  plant  has  run  wild  on  so  enormous 
a  scale  as  the  cardoon  {Cynara  cardunculuB)  in  La  Plata.  Every 
botanist  who  has  seen  it  growing  there,  in  vast  beds,  as  high  as 
a  horse's  back,  has  been  struck  with  its  peculiar  appearance ;  but 
whether  it  differs  in  any  important  point  from  the  cultivated 
Spanish  form,  which  is  said  not  to  be  prickly  like  its  American 
descendant,  or  whether  it  differs  from  the  wild  Mediterranean 
species,  which  is  said  not  to  be  social  (though  this  may  be  duo 
merely  to  the  natu/e  of  the  conditions),  I  do  not  know. 

Reversion  to  Charadere  derived  from  a  Cross,  in  the  case  of 
8ub-varieties^  Baces^  and  Species. — When  an  individual  having 
some  recognisable  peculiarity  unites  with  another  of  the  same 
sub-variety,  not  having  the  peculiarity  in  question,  it  often 
reappears  in  the  descendants  after  an  interval  of  several  gene- 
rations. Every  one  must  have  noticed,  or  heard  from  old 
people  of  children  closely  resembling  in  appearance  or  mental 
disposition,  or  in  so  small  and  complex  a  charact^  as  expres- 


^  Dnrean  de  la  Malle,  in  '  Comptes 
Rendas,'  torn,  zli.,  1855,  p.  807. 
From  the  statements  above  ^ren,  the 
author  ronclndes  that  the  wild  pigs 
of  Louisiana  are  not  descended  from 
the  European  Sns  scrofti. 

"  Capt.  W.  Allen,  in  his  <Expe- 
dit'on  to  the  Niger/  states  that  fowls 
hare  ran  wild  on  the  island  of  Anno- 
bon,  and  have  become  modified  in 
form  and  voice.  Tne  account  is  so 
meagre  and  vague  that  it  did  not 


appear  to  me  worth  copying;  but  I  now 
find  that  Dureande  la  Malle^'  Comp- 
tes Rendus/  torn,  zli.,  1855,  p.  690) 
advances  this  as  a  good  instance  of 
reversion  to  the  primitive  stock,  and  as 
confirmatory  of  a  still  more  vague 
statement  in  classical  times  by  Varro. 

i«  'Flora  of  Australia,'  1859,  In- 
troduct.,  p.  iz. 

"  'De  I'Esptee,'  torn.  iL  ]:p.  54, 
58,  60. 
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sion,  one  of  their  grandparents,  or  some  more  distant  collatci'al 
relation.  Very  many  anomalies  of  structure  and  diseases, ^^ 
of  which  instances  have  been  given  in  the  last  chapter,  have 
oome  into  a  family  from  one  parent,  and  have  reappeared 
in  the  progeny  after  pa  sing  over  two  or  three  generations. 
The  following  case  has  been  communicated  to  me  on  good 
authority,  and  may,  I  believe,  be  fully  trusted :  a  pointer-bitch 
produced  beven  puppies;  four  were  marked  with  blue  and 
white,  which  is  so  unusual  a  colour  with  pointers  that  she  was 
thought  to  have  played  false  with  one  of  the  greyhounds,  and 
the  whole  litter  was  condemned  ;  but  the  gamekeci)er  was  per- 
mitted to  save  one  as  a  curiosity.  Two  years  afterwards  a 
friend  of  the  owner  saw  the  young  dog,  and  declared  that  he 
was  the  imago  of  his  old  pointer-bitch  Sappho,  the  only  blue 
and  white  ]>ointer  of  pure  descent  wliich  he  had  ever  seen. 
This  led  to  close  inquiry,  and  it  was  proved  that  he  was  the 
great-great-grandson  of  Sappho ;  so  that,  according  to  the 
common  expression,  he  had  only  1-1  Cth  of  her  blood  in  liis 
veins.  I  may  give  one  other  instance,  on  the  authority  of 
Mr.  R.  Walker,  a  large  cattle-breeder  in  Kincardinesliire. 
He  bought  a  black  bull,  the  son  of  a  black  cow  with  white 
legs,  white  belly  and  part  of  the  tail  white;  and  in  1870 
a  calf  the  gr.-gr.-gr.-gr.-grandchild  of  this  cow  was  bom 
coloured  in  the  same  very  peculiar  manner ;  all  the  inter- 
mediate offspring  having  been  black.  In  these  cases  there 
can  hardly  be  a  doubt  that  a  character  derived  from  a  cross 
with  an  individual  of  the  same  variety  reappeared  after 
passing  over  three  generations  in  the  one  case,  and  live  in  the 
other. 

When  two  distinct  races  are  crossed,  it  is  ncflorious  ihut  the 
tendency  in  the  offspring  to  revert  to  one  or  both  parent- 
forms  is  strong,  and  endures  for  many  generations.  I  have 
myself  seen  the  clearest  evidence  of  this  in  crossed  pigeons 
and  with  various  plant*.  Mr.  Sidney  ^^  stiites  that,  in  a  litter 
of  Essex  pigs,  two  young  ones  appettted  which  were  the  image 
of  the  Berkbhire  boar  that  had  been  xcsed  twenty-eight  years 

••  Mr.  Sedgwick   gives   many   in-      JiHy,  1883,  pp.  448,  188. 
•tftiu-es  in  the  *  British  and  Foreign  >^  In  his  edit,  of  *  Youatt  on  tht 

M«d.-Chirarg.    iU  aew/    April    and       Fig,'  iM\),  [>.  37. 
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before  iu  giving  size  and  constitution  to  the  breed.  I  ob- 
served in  the  faroiyard  at  Betley  Hall  some  fowls  showing  a 
strong  likeness  to  the  Malay  breed,  and  was  told  by  Mr. 
Toilet  that  he  had  forty  years  before  crossed  his  birds  with 
Malays ;  and  that,  though  he  had  at  first  attempted  to  get 
rid  of  this  strain,  he  had  subsequently  given  up  the  attempt 
in  despair,  as  the  Malay  character  would  reappear. 

This  strong  tendency  in  crossed  breeds  to  revert  has  given 
rise  to  endless  discussions  in  how  many  generations  after  a 
single  cross,  either  with  a  distinct  breed  or  merely  with  an 
inferior  animal,  the  breed  may  be  considered  as  pure,  and  free 
from  all  danger  of  reversion.  No  one  supposes  that  loss  than 
three  generations  suffices,  and  most  breeders  think  that  six, 
seven,  or  eight  are  necessary,  and  some  go  to  still  greater 
lengths.^^  But  neither  in  the  case  of  a  breed  which  has  been 
contaminated  by  a  single  cross,  nor  when,  in  the  attempt  to 
form  an  intermediate  breed,  half-bred  animals  have  been 
matched  together  during  many  generations,  can  any  rule  be 
laid  down  how  soon  the  tendency  to  reversion  will  be  oblitera- 
ted. It  depends  on  the  difference  in  the  strength  or  pre- 
potency of  transmission  in  the  two  parent-forms,  on  their 
actual  amount  of  difference,  and  on  the  nature  of  the  con- 
ditions of  life  to  which  the  crossed  offspring  are  exposed.  But 
we  must  be  careful  not  to  confound  these  cases  of  reversion  to 
characters  which  wore  gained  by  a  cross,  with  those  under  the 
first  class,  in  which  characters  originally  common  to  both 
parents,  but  lost  at  some  former  period,  reappear ;  for  such 
characters  may  recur  after  an  almost  indefinite  number  of 
generations. 

The  law  of  reversion  is  as  powerful  with  hybrids,  when 
they  are  sufficiently  fertile  to  breed  together,  or  when  they 
are  repeatedly  crossed  with  either  pure  parent-form,  as  in  the 
case  of  mongrels.  It  is  not  necessary  to  give  instances. 
With  plants  almost  every  one  who  has  worked  on  this  sub- 
ject, from  the  time  of  Kolreuter  to  the  present  day,  has 
insisted  on  this  tendenc}'^.  Gartner  has  recorded  some  good 
instances;  but  no  one  has  given  more  striking  ones  than 

»•  Dr.  P.  Lucas,  *H^rtd.  Nat.,'  *Gard.  Chronicle,'  1856,  p.  620.  I 
torn.  ii.  pp.  314,  892 ;  tee  a  good  could  add  a  vast  number  ot'refereneet 
practicAl  article  on  the  subject  in      but  they  would  b«  superfluova. 
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Kaudiii."  The  tendency  differs  in  deg'rce  or  strength  in 
different  groups,  and  partly  dejKinds,  as  we  shall  presently 
■ee,  on  whether  the  parent-plants  have  been  long  cultivated. 
Although  the  tendency  to  reversion  is  extremely  general 
'viih  nearly  all  mongrels  and  hybrids,  it  cannot  be  considered 
as  invaiiably  characteristic  of  them ;  it  may  also  be  mastered 
by  long-continued  selection ;  but  these  subjects  will  more 
properly  be  discusfced  in  a  future  chapter  on  Crossing.  From 
what  we  see  of  the  power  and  scope  of  reversion,  both  in  pure 
races,  and  when  varieties  or  species  are  crossed,  we  may  infer 
that  characters  of  almost  every  kind  are  capable  of  reappear- 
ing after  having  been  lost  for  a  grej^t  length  of  time.  But  it 
does  not  follow  from  this  that  in  each  particular  case  certain 
characters  will  reappear;  for  instance,  this  will  not  occur 
when  a  race  is  cro.^sed  with  another  endowed  with  prepotency 
of  transmission.  Sometimes  the  power  of  reversion  wholly 
fails,  without  our  being  able  to  assign  any  cause  for  tho 
failure :  thus  it  has  been  stated  that  in  a  French  family  in 
which  85  out  of  above  600  members,  during  six  generations, 
had  been  subject  to  night-blindness,  "  there  has  not  been  a 
single  example  of  this  affection  in  the  children  of  parents  who 
were  themselves  free  from  it."  ^^ 

Reversion  through  Bud-propctgation — Partial  Bevernon^  by  seg- 
ments in  the  same  flower  or  fruity  or  in  different  parts  of  the  body 
in  the  same  individual  animal. — In  the  eleventh  chapter  many 
cases  of  reversion  by  buds,  independently  of  seminal  genera- 
tion, were  given — as  when  a  leaf-bud  on  a  variegated,  a 
curled,  or  laciniated  variety  suddenly  reassumes  its  proper 
character ;  or  as  when  a  Provenoe-rose  appears  on  a  moss-rose, 
or  a  peach  on  a  nectarine-tree.  In  some  of  these  cases  only 
half  the  flower  or  fruit,  or  a  smaller  segment,  or  mere  stripes, 
reassume  their  former  character ;  and  here  we  have  reversion 


**  Kolrenter  gives  cnrioas  cases  in 
his  *  Dritte  Fortsetzang,'  1766,  ss.  53, 
59 ;  and  in  his  well-known  *  Memoirs 
on  Lavatera  and  Jalapa/  Gartner, 
'  Bastarderzeagung,*  ss.  437,  441,  &c 
Kaudin,  in  his  "  Recherches  sar 
rHybridite/'  *  NouvelW  A^rchires  da 
Museum,'  torn.  i.  p.  25. 

**  Quoted    by   Mr.   Sedgwiek    ia 


<  Med.-Chirnrg.  Reriew,'  April,  1861, 
p.  48.i.  Dr.  H.  Dobell,  in  <Med.- 
Chirnrg.  Transactions,'  vol.  xlri., 
gires  an  analogous  ca<e,  in  which,  ia 
a  large  family,  fingers  with  thickened 
joints  were  transmitted  to  several 
members  during  fire  generations; 
but  when  the  blembh  OBoe  disappeart4 
it  MTer  reappeared. 


CfcAP.XHL  BEVEKSION.  11 

by  segments.  Tilmorin  ^^  has  also  recorded  several  oases  with 
plants  derived  from  seed,  of  flowers  reverting  by  stripes  oi 
blotches  to  their  primitive  colours :  he  states  that  in  all  such 
cases  a  white  or  pale-coloured  variety  must  first  be  formed, 
and,  when  this  is  propagated  for  a  length  of  time  by  seed, 
striped  seedlings  occasionally  make  their  appearance;  and 
these  can  afterwards  by  care  be  multiplied  by  seed. 

The  stripes  and  segments  just  referred  to  are  not  due,  as  far 
as  is  known,  to  reversion  to  characters  derived  from  a  cross, 
but  to  characters  lost  by  variation.  These  cases,  however,  as 
Naudin^^  insists  in  his  discussion  on  disjunction  of  character, 
are  closely  analogous  with  those  given  in  the  eleventh  chapter, 
in  which  crossed  plants  have  been  known  to  produce  half- 
and-half  or  striped  flowers  and  fruit,  or  distinct  kinds  of 
flowers  on  the  same  root  resembling  the  two  parent-forms. 
Many  piebald  animals  probably  come  under  this  same  head. 
Such  cascH,  as  we  shall  see  in  the  chapter  on  Crossing,  appa- 
rently result  from  certain  characters  not  readily  blending 
together,  and,  as  a  consequence  of  this  incapacity  for  fusion, 
the  offspring  either  perfectly  resemble  one  of  their  two 
parents,  or  resemble  one  parent  in  one  part,  and  the  other 
jiarent  in  another  part ;  or  whilst  young  are  intermediate  in 
character,  but  with  advancing  age  revert  wholly  or  by  seg- 
ments to  either  parent-form,  or  to  both.  Thus,  young  trees 
of  the  Cyiimis  ndami  are  intermediate  in  foliage  and  flowers 
between  the  two  pai'ent-forms ;  but  when  older  the  buds 
continually  revert  either  partially  or  wholly  to  both  forms. 
The  cases  given  in  the  eleventh  chapter  on  the  changes  which 
occurred  during  growth  in  crossed  plants  of  Tropaeolum,  Cereus, 
Datura,  and  Lathy rus  are  all  analogous.  As,  however,  these 
plants  are  hybrids  of  the  first  generation,  and  as  their  buds 
after  a  time  come  to  resemble  their  parents  and  not  their 
grandparents,  these  cases  do  not  at  first  appear  to  come  under 
the  law  of  reversion  in  the  ordinary  sense  of  the  word ;  never- 
theless, as  the  change  is  effected  through  a  sucoessiun  of  bud- 
genorations  on  the  same  plant,  they  may  be  thus  included. 

Analogous  facts  have  been  observed  in  the  animal  kingdom, 

'  Verlot,  '  Des  Vari^tes,'  1865,  torn.  i.  p.  25.  Alex.  Braun  (in  his  *  Re^ 
f .  6.3.  juTeoescence,'  KaySoc.,  1853,  p.  '6\h) 

"  *NouTelle8  ArchiTesda  Moa^am,'       apparently  holds  a  similar  opinion. 
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and  are  more  remarkable,  as  they  occur  in  the  same  individual 
in  the  strictest  sense,  and  not  as  with  plants  through  a  suc- 
cession of  bud-generations.  With  animals  the  act  of  rever- 
sion, if  it  can  be  so  designated,  does  not  pass  over  a  true 
generation,  but  merely  over  the  early  stagea  of  growth  in  the 
same  individual.  For  instance,  I  crossed  several  white  hens 
with  a  black  cock,  and  many  of  the  chickens  were,  during  the 
first  year,  perfectly  white,  but  acquired  during  the  second  year 
black  feathers;  on  the  other  hand,  some  of  the  chickens 
which  were  at  first  black,  became  during  the  second  year 
piebald  with  white.  A  great  breeder  ^^  says,  that  a  Pencilled 
Brahma  hen  which  has  any  of  the  blood  of  the  Light  Brahma 
in  her,  will  "occasionally  produce  a  pullet  well  pencilled 
during  the  first  year,  but  she  will  most  likely  moult  brown  on 
the  shoulders  and  become  quite  unlike  her  original  colours  in 
the  second  year.*'  The  same  thing  occurs  with  light  Brahmas 
if  of  impure  blood.  I  have  observed  exactly  similar  cases 
with  the  crossed  offspring  from  differently  coloured  pigeons. 
But  here  is  a  more  remarkable  fact :  I  crossed  a  turbit,  which 
has  a  frill  formed  by  the  feathers  being  reversed  on  its  breast, 
with  a  trumpeter ;  and  one  of  the  young  pigeons  thus  raised 
at  first  showed  not  a  trace  of  the  frill,  but,  after  moulting 
thrice,  a  small  yet  unmistakably  distinct  frill  appeared  ol 
its  breast.  According  to  Girou,^^  calves  produced  from  a  red 
cow  by  a  black  bull,  or  from  a  black  cow  by  a  red  bull,  are 
not  rarely  bom  red,  and  subsequently  become  black.  I 
possess  a  dog,  the  daughter  of  a  white  terrier  by  a  fox- 
coloured  bulldog ;  as  a  puppy  she  was  quite  white,  but  when 
about  six  months  old  a  black  spot  appeared  on  her  nose,  and 
brown  spots  on  her  ears.  W  hen  a  little  older  she  was  badly 
wounded  on  the  back,  and  the  hair  which  grew  on  the 
cicatrix  was  of  a  brown  colour,  apparently  derived  fronv 
her  father.  1'his  is  the  more  remarkable,  as  with  most 
animals  having  coloured  hair,  that  which  grows  on  a  wounded 
surface  is  white. 

In  the  foregoing  cases,  the  characters  which  with  advancing 
age  reappeared,  were  present  m  the  immediately  preceding 

»  Mr.   Teebay,   in   *  The   Poultry  «*  Quoted  by  Hofacker,  *  Ueber  die 

Book/  by  Mr.  Tegetmeier,  1866,  p.       Eigenschaflen,'  &c.,  s.  98. 
72. 
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gtuerations ;  bat  characters  Bometimes  reappear  ia  the  Bame 
manner  after  a  much  longer  interval  of  time.  Thus  the 
calves  of  a  hornless  race  of  cattle  which  originated  in 
Corrientes,  though  at  first  quite  hornless,  as  they  become 
adult  sometimes  acquire  small,  crooked,  and  loose  horns ;  ahd 
these  in  succeeding  years  occasionally  become  attached  to  the 
skull.**  White  and  black  Bantams,  both  of  which  generally 
breed  true,  sometimes  assume  as  they  grow  old  a  saffron  or 
red  plumage.  For  instance,  a  firbt-i-ate  black  bantam  has 
been  described,  which  during  three  seasons  was  perfectly 
black,  but  then  annually  became  more  and  more  red ;  and  it 
deserves  notice  that  this  tendency  to  change,  whenever  it 
occurs  in  a  bantam,  "  id  almost  certain  to  prove  hereditary."** 
The  cuckoo  or  blue-mottled  Dorking  cock,  when  old,  is  liable 
to  acquire  yellow  or  orange  hackles  in  place  of  his  proper 
bluish-grey  hackles.*^  Now  as  OalUu  hankiva  is  coloured  red 
and  orange,  and  as  Dorking  fowls  and  bantams  are  descended 
from  this  species,  we  can  hardly  doubt  that  the  change  which 
occasionally  occurs  in  the  plumage  of  these  birds  as  their  age 
advances,  results  from  a  tendency  in  the  individual  to  revert 
to  the  primitive  type. 

Crossing  a$  a  direct  cause  of  Reversion.— It  has  long  been 
notorious  that  hybrids  and  mongrels  often  revert  to  both  or 
to  one  of  their  parent  forms,  after  an  interval  of  from  two  to 
seven  or  eight,  or,  according  to  some  authorities,  even  a  greater 
number  of  generations.  Hut  that  the  act  of  crossing  in  itself 
gives  an  impulse  towards  reveroion,  as  shown  by  the  reap- 
pearance of  long- lost  characters,  has  never,  I  believe,  boon 
hitherto  proved.  The  proof  lies  in  certain  peculiarities,  which 
do  not  characterise  the  immediate  parents,  and  therefore  can- 
not have  been  derived  from  them,  frecpiently  appearing  in  the 
oflfspring  of  two  breeds  when  crossed,  which  peculiarities 
never  appear,  oi  appear  with  extreme  ra:  it}',  in  these  wime 
bleeds,  as  long  as  they  are  precluded  from  crossing.     As  this 

*»  Axara,    'Essais    HUt.   Nat.    de  *The  Poultry   Book,'  by  Mr.  Teget- 

Paragawy,'  torn.  IL  1801,  p.  372.  meier,  I8i6,  p.  248. 

■•  Theae   facU  are    giveu  on   the  "  *  The  Poultry  Bwk,'  by  TtgoV 

Ugh  aathority  of   Mr.   Hewitt,  ii  maier,  18J6,  p.  97. 
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ooudusion  seems  to  me  highly  cuiious  and  novel,  I  will  gi^'e 
the  evidence  in  detail. 

My  attention  was  first  called  to  this  subject,  anr)  I  was  led  to 
make  numerous  experiments,  by  MM.  Boitaixl  and  Giirbie  having 
stated  that,  when  they  crossed  certain  breeds  of  pigeons,  birds 
coloured  like  the  wild  C,  livia,  or  the  common  dovecot— namely, 
slaty-blue,  with  double  black  wing-bars,  sometimes  chequered 
with  black,  white  loins,  the  tail  barred  with  black,  with  the  outer 
feathers  edj;ed  with  white, — were  almost  invariably  produced.  The 
breeds  which  I  crossed,  and  the  remarkable  results  attained,  have 
leen  fully  described  in  the  sixth  chapter.  I  selected  pigeons 
belonging  to  true  and  ancient  breeds,  which  had  not  a  trace  of  blue 
or  any  of  the  above  specified  marks ;  but  when  crossed,  aud  their 
mongrels  recrossed,  young  birds  were  often  produced,  more  or  less 
plainly  coloured  slaty-blue,  with  some  or  all  of  the  proper  charac- 
teristic marks.  I  may  recall  to  the  reader's  memory  one  case, 
namely,  that  of  a  pigeon,  hardly  distinguishable  from  the  wild 
Shetland  species,  the  grandchild  of  a  red-spot,  white  fantail,  and 
two  black  barbs,  from  any  of  which,  when  purely-bred,  the  produc- 
tion of  a  pigeon  coloured  like  the  wild  C.  Uvia  would  have  been 
almost  a  prodigy. 

I  was  thus  led  to  make  the  experiments,  recorded  in  the  seventh 
chapter,  on  fowls.  I  selected  long-establinhcd  pure  breeds,  in 
which  there  was  not  a  trace  of  red,  yet  in  several  of  the  mongrels 
feathers  of  this  colour  appeared;  and  one  magnificent  bird,  the 
offspring  of  a  black  Spanish  cock  and  Avhite  Silk  hen,  was  coloured 
almost  exactly  like  the  wild  Gallus  lankluj.  All  who  know  any- 
thing of  the  breeding  of  poultry  will  admit  that  tens  of  thousands 
of  pure  Spanish  aud  of  pure  white  ^ilk  fowls  might  have  been 
reared  without  the  appearance  of  a  i>Bd  feather.  The  fact,  given  on 
the  authority  of  Mr.  Tegetmeier,  of  the  frequent  appearance,  in 
mongrel  fowls,  of  pencilled  or  transversely- barred  feathers,  like 
those  common  to  many  gallinaceous  birds,  is  likewise  apparently  a 
case  of  reversion  to  a  character  formerly  possessed  by  some  ancient 
progenitor  of  the  family.  I  owe  to  the  kindness  of  tliis  excellent 
observer  the  opportunity  of  insjiecting  some  neck-hackles  and  tail- 
feat*'ers  from  a  hybrid  between  the  common  fowl  and  a  very  distinct 
species,  the  Oalltts  varius;  and  these  feathers  are  trausverself 
striped  in  a  conspicuous  manner  with  dark  metallic  blue  and  grey, 
a  Character  which  could  not  have  been  derived  from  either  immediate 
parent. 

I  have  been  informed  by  Mr.  B.  P.  Brent,  that  he  crossed  a  white 
Aylesbury  drake  and  a  black  so-called  Labrador  duck,  both  of 
which  are  true  breeds,  and  he  obtained  a  young  drake  closely  like 
the  mallard  (A.  boschtu).  Of  the  musk-duck  (.-I.  moschat'i,  Linn.) 
there  are  two  sub-breeds,  namely,  white  and  slate-coloured ;  aud  these 
1  am  informed  breed  true,  or  nearly  true.  Bat  the  l^v.  W.  D.  Fox 
tells  me  that,  by  putting  a  white  drake  to  a  slate-coloured  duck. 
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blftck  birds^  pied  with  white,  like  the  wild  musk-duck,  were  always 
produced.  I  hear  from  Mr.  BIyth  that  hybrids  from  the  canary 
and  gold-finch  almost  always  have  streaked  feathers  on  their  backs ; 
and  tiiis  fitr^iking  must  be  derived  from  the  original  wild  canary. 

We  have  seen  in  the  fourth  chapter,  that  the  so-called  Himalayan 
rabbit,  with  its  snow-white  body,  black  ears,  nose,  tail,  and  feet, 
breeds  perfectly  true.  This  race  is  known  to  have  been  formed  by 
the  union  of  two  yarieties  of  silver-grey  rabbits.  Now,  when  a 
Himalayan  doe  was  crossed  by  a  sandy-coloured  buck,  a  silver-grey 
rabbit  was  produced ;  and  this  is  evidently  a  case  of  reversion  to 
one  of  the  parent  varieties.  The  young  of  the  Himalayan  rabbit  are 
bom  snow-white,  and  the  dark  marl^  do  not  appear  until  some 
time  subsequently ;  but  occasionally  young  Himalayan  rabbits  are 
bom  of  a  light  silver-grey,  which  colour  soon  disappears ;  so  that 
here  we  have  a  trace  of  reversion,  during  an  early  period  of  life,  to 
the  parent  varieties,  independently  of  any  recent  cross. 

In  the  third  chapter  it  was  shown  that  at  an  ancient  period 
some  breeds  of  cattle  in  the  wilder  parts  of  Britain  were  white  with 
dark  ears,  and  that  the  cattle  now  kept  half  wild  in  certain  parks, 
and  those  which  have  run  quite  wild  in  two  distant  parts  of  the 
world,  are  likewise  thus  coloured.  Now,  an  experienced  breeder, 
Mr.  J.  Beasley,  of  Northamptonshire,"  crossea  some  carefully 
selected  West  Highland  cows  with  purely-bred  shorthorn  bulls. 
The  bulls  were  red,  red  and  white,  or  dark  roan ;  and  the  Highland 
cows  were  all  of  a  red  colour,  inclining  to  a  light  or  yellow  shade. 
But  a  considerable  number  of  the  offspring — ^and  Mr.  Beasley  calls 
attention  to  this  as  a  remarkable  fact — were  white,  or  white  with 
red  ears.  Bearing  in  mind  that  none  of  the  parents  were  white, 
and  that  they  were  purely-bred  animals,  it  is  highly  probable  that 
hero  the  offepring  reverted,  in  consequence  of  the  cross,  to  the 
colour  of  some  ancient  and  half-wild  parent-breed.  The  following 
case,  perhaps,  comes  under  the  same  head :  cows  in  their  natural 
state  have  their  udders  but  little  developed,  and  do  not  yield  nearly 
so  much  milk  as  our  domesticated  animals.  Now  there  is  some 
reason  to  believe"  that  cross-bred  animals  between  two  kinds,  both 
of  which  are  good  milkers,  such  as  Aldemeys  and  Shorthorns,  often 
turn  out  worthless  in  this  respect. 

In  the  chapter  on  the  Horse  reasons  were  assigned  for  believing 
that  the  primitive  stock  was  striped  and  dun-coloured  ;  and  details 
were  given,  showing  that  in  all  parts  of  the  world  stripes  of  a  dark 
colour  frequently  appear  along  the  spine,  across  the  legR,  and  on 
the  shoulders,  where  they  are  occasionally  double  or  treble,  and 
even  sometimes  on  the  face  and  body  of  horses  of  all  breeds  and  of 
all  colours.    But  the  stripes  appear  most  frequently  on  the  various 


**  *  Gardener's    Chron.   and  Agri-  of  cattle   as  Mr.  Willonghby  Wood 

cultural  Gazette/  ;8(56.  p.  528.  (*  Gard.  Chron.*  1809,  p.  1216;,  admits 

^  Ibid.,  1860,  p.  343.     I  am  i;!ad  my   principle   of   a  cross  giving    a 

to  find  that  so  experienced  a  breeder  tendency  to  reversion. 
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kinds  of  dans.  In  foals  they  are  sometimes  plainly  sefn,  and 
Kubsequontly  disappear.  The  dun-oolonr  and  the  stripes  are 
strongly  transmitted  when  a  horse  thns  characterised  is  crossed 
with  any  other  \  but  I  was  not  able  to  prove  that  striped  duns  are 
generally  produced  from  the  crossing  of  two  distinct  breeds,  neither 
of  which  are  duns,  though  this  does  sometimes  occur. 

The  legs  of  the  ass  are  often  striped,  and  this  may  considered  as 
a  reversion  to  the  wild  parent  form,  the  t\uu8  Umiopus  of  Abyssinia," 
which  is  generally  thus  striped.  In  the  domestic  animal  the  stripes 
on  the  shoulder  are  occasionally  double,  or  forked  at  the  extremity, 
as  in  certain  zebrine  8i)eoies.  There  is  reason  to  believe  that  the 
foal  is  m  ire  frequently  strifted  on  the  l^s  than  the  adult  animal. 
As  with  the  horse,  I  have  not  acquired  any  distinct  evidence  that 
the  crossing  of  differently-coloured  varieties  of  the  ass  brings  out 
the  stripes. 

But  now  let  us  turn  to  the  result  of  crossing  the  horse  and  ass. 
Although  mulus  are  not  nearly  so  numerous  in  England  as  asses, 
I  have  seen  a  much  greater  number  with  striped  legs,  and  with 
the  stripes  far  more  conspicuous  than  in  either  parent-form.  Such 
mules  are  generally  light-coloured,  and  might  be  called  fallow- 
duns.  The  shoulder-stripe  in  one  instance  was  deeply  forked  at  the 
extremity,  and  in  another  instance  was  double,  though  united  in  the 
middle.  Mr.  Martin  gives  a  figure  of  a  Spanish  mule  with  strong 
zebra-like  marks  on  its  legs,"  and  remarks  that  mules  are  particu- 
larly liable  to  be  thus  striped  on  their  legs.  In  South  America, 
according  to  Koulin,*^  such  stri(X)s  aro  more  frequent  and  con- 
spicuous in  the  mule  than  in  the  ass.  In  the  United  States,  Mr. 
Gosse,^  speakin;  of  these  animals,  says,  "  that  in  a  great  number, 
'*  perhaps  in  nine  out  of  every  ten,  the  legs  are  banded  with 
"  transverse  dark  stripes.*' 

Many  years  ago  I  saw  in  the  Zoological  Gardens  a  cnrious  triple 
hybrid,  from  a  bay  mare,  by  a  hybrid  from  a  male  ass  and  female 
zebra.  This  animal  when  old  had  hardly  any  stripes;  but  I  was 
assured  by  the  superintendent,  that  when  young  it  had  shoulder- 
stripes,  and  faint  stripes  on  its  flanks  and  legs.  I  mention  this  case 
more  especially  as  an  instance  of  the  stripes  being  much  gainer 
during  youth  than  in  old  age. 

As  the  zebra  has  such  a  conspicuously  striped  body  and  legs,  it 
might  have  been  expected  that  the  hybrids  from  this  animal  and 
the  common  ass  would  have  had  their  legs  in  some  degree  striped ; 
but  it  appears  from  tho  figiires  given  in  Dr.  Gray's  'Knowsley 
Gleanings,'  and  still  more  plainly  from  that  given  by  Geoffroy  and 
F.  Cuvier,^  that  the  legs  are  much  more  conspicuously  striped  than 
the  rest  of  the  body ;  and  this  fact  is  intelligible  only  on  the  belief 

"  Sclater,  in  *  Pfoc.  Zoolog.  Soc.,*  1835,  p.  338. 

1862,  p.  163.  "  *  Letters  from  Alabama,'  1859,  p 

"  *  History  of  the  Horse,*  p.  212.  280. 

**  *  M<Sm.     presenter     par     divers  **  *  Hist.    Nat.   des    Mammiferes, 

Savr^ns  a  TAcad.    Royale,*  torn.   ri.  1820,  torn.  i. 


OkAP.  XIIL 


BEVERSIOK. 


17 


that  the  ass  aids  in  giving,  throngh  the  power  of  xerersion,  thin 
olMracier  to  its  hybrid  affi«pringi 

The  quagga  is  banded  over  the  whole  front  part  of  its  body  like 
a  zebra,  but  has  no  stripes  on  its  legs,  or  more  traces  of  them.  But 
in  the  fidmous  hybrid  bred  by  Lord  Morton,*^  from  a  chestnut, 
nearly  purely-bred,  Arabian  mare,  by  a  male  quagga,  the  Rtripos 
were  "  more  strongly  defined  and  darker  than  those  on  the  legs  of 
"  the  quagga."  The  mare  was  subsequently  put  to  a  black  Arabian 
horse,  and  bore  two  colts,  both  of  whii  h,  as  formerly  stated,  were 
plainly  striped  on  the  legs,  and  one  of  them  likewise  hiad  stripes  on 
the  neck  and  body. 

ibe  Jiquus  indicus^  is  characterised  by  a  spinal  stripe,  without 
shoulder  or  leg  stripes;  but  traces  of  \het>e  latter  stripes  may  occa- 
sionally be  seen  even  in  the  ddnlt;'^  and  Colonel  8.  Poole,  who  has 
had  ample  opportunities  for  obserration,  informs  me  that  in  the 
foal,  when  first  bom,  the  head  and  legs  are  often  striped,  but  the 
shoukier-stripe  is  not  so  distinct  as  in  the  domestic  ass;  all  these 
stripes,  excepting  that  along  the  spine,  soon  disappear.  Now  a 
hyMd,  raised  at  Knowsley"  from  a  female  of  this  species  by  a 
male  domestic  ass,  had  all  tour  legs  transyersely  and  oonspicnouBly 
striped,  had  three  short  stripoi^  on  each  shoulder  and  had  even  some 
8ebra-like  stripes  on  its  &oe  I  Dr.  Gray  informs  me  that  he  has 
soen  a  second  hybrid  of  the  same  parentage  similarly  striped. 

Krom  these  facts  we  see  that  the  crossing  of  the  seTeral  equine 
species  tends  in  a  marked  manner  to  cause  stripes  to  appear  on 
various  parts  of  the  body,  especially  on  the  legs.  As  we  do  not 
know  whether  the  parent-form  of  the  genus  was  striped,  the  appear- 
ance of  the  stripes  can  only  hypothetically  be  attributed  to  reversion. 
But  most  persons,  after  considering  the  many  undoubted  cases  of 
rarionsly  coloured  marks  reappearing  by  reversion  in  my  experi- 
ments on  crossed  pigeons  and  fowls,  will  come  to  the  same  conclu* 
flaon  with  respeet  to  the  horse-genus;  and  if  so^  we  roust  admit 
that  the  progenitor  of  the  group  was  striped  on  the  legs,  shoulders, 
;aoe,  and  probably  over  the  whole  body,  like  a  zebra. 

Lastly,  Professor  Jaeger  has  given  *"  a  good  case  with  pigs.    He 


»  *  Philofoph.  Transact.,'  1821,  [u 
20. 

«  Sclater,  ia  *  Proc.  Zoolog.  Soc.,' 
1862,  p.  163:  this  species  is  the 
Ghor-Khnr  of  N.W.  India,  and  has 
often  been  called  the  Hemionos  of 
Pallas.  See,  also,  Mr.  Blyth's  ez- 
oellent  paper  in  *  Journal  of  Asiatic 
Soc.  of  Bengal,'  vol.  ziyiiL,  1860,  p. 
229. 

"  Another  species  of  wild  ass,  the 
true  £.  hemionua  or  Kiangj  which 
ordinarilj  has  no  shonlder-stripes,  is 
said  occasioDally  to  have  then  {  aad 

VOL.   U. 


these,  as  with  the  horse  and  a«R,  are 
sometimes  double:  ace  Mr.  Blvth,  in 
the  paper  just  quoted,  and  in  *  Indian 
Sporting  tieview,'  1856,  p.  320:  and 
Col.  HamiltoD  Smith,  in  *  Nat.  I.ibrnry, 
Horses,*  p.  318;  and  '  Dit  t.  Clasti. 
d'Hist.  Nat.,'  torn.  iii.  p.  563. 

'*  Figured  in  the  *  Gleanings  from 
the  Knowsley  Menageries,'  by  Dr.  J. 
£.  Gray. 

"*  '  Darwin'sche  Theorie  nnd  ihrt 
Stellung  zu  Moml  nod  Leligion,'  p. 
85. 
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crossed  tho  Japanese  or  masked  breed  with  the  common  German 
breed,  and  the  offspring  were  intermediate  in  character.  He  then 
re-crGNBsod  one  of  ttiese  mongrels  with  the  pure  Japanese,  and  in 
the  litter  thns  produced  one  of  the  young  resembled  in.  all  itn 
characters  a  wila  pig;  it  had  a  long  snout  and  upright  ears,  and 
was  striped  on  the  back.  It  should  be  borne  in  mind  that  the 
young  of  the  Japanese  breed  are  not  striped,  and  that  they  have 
a  short  muzzle  and  ears  remarkably  dependent 

A  similar  tendency  to  the  recovery  of  long  lost  characters 
holds  good  even  with  the  instincts  of  crossed  animals.  There 
aro  some  breeds  of  fowls  which  are  called  ''everlasting 
layers,"  because  they  have  lost  the  instinct  of  incubation ; 
and  so  rare  is  it  for  them  to  incubate  that  I  have  seen  notices 
published  in  works  on  poultry,  when  hens  of  such  breeds  have, 
taken  to  sit/^  Yet  the  aboriginal  species  was  of  oonrse  a 
good  incubator ;  and  with  birds  in  a  state  of  nature  hardly 
any  instinct  is  so  strong  as  this.  Now,  so  many  cases  have 
been  recorded  of  the  crossed  offspring  from  two  races,  neither 
of  which  are  incubators,  becoming  first-rate  sitters,  that  the 
reappearance  of  this  instinct  must  be  attributed  to  reversion 
from  crossing.  One  author  goes  so  far  as  to  say, "  that  a  cross 
lietwcen  two  non  sitting  varieties  almost  invariably  prodnoes 
a  mongrel  that  becomes  broody,  and  sits  with  remarkable 
steadiness."  ^^  Another  author,  after  giving  a  striking  ex- 
ample, remarks  that  the  fact  can  be  explained  only  on  the 
pi  inciple  that  "  two  negatives  make  a  positive."  It  cannot ^ 
however,  be  maintained  that  hens  produced  from  a  crosL 


**  Cases  of  both  Spanish  and  Polish 
hens  sitting  are  giren  in  the  *  Poultry 
Chronicle,'  1855,  vol.  iii.  p.  477. 

"  'The  Poultry  Book,'  by  Mr. 
Tegetweier,  186«,  pp.  119,  163.  The 
author,  who  remarks  on  the  two 
negatires  (*Jocrn.  of  Hort.,'  1862, 
y.  325),  stales  that  two  broods  were 
raised  from  a  Spanish  cock  and  Silver- 
pencilled  Hamburg  hen,  neither  of 
whk^h  are  incubators,  and  no  less 
than  seven  out  of  eight  hens  in  these 
two  broods  '*  showed  a  perfect  ob- 
stinacy in  sitting.**  The  Rev.  E.  S. 
Uxon  (' Ornament4il  Poultry,'  1848, 
p.  300)  mys  that  chickens   reared 


from  a  cross  l^etwecn  Golden  and 
Black  Polish  fowls,  are  **  good  and 
steady  birds  to  sit."  Mr.  B.  P.  Brent 
informs  me  that  he  raised  some  good 
sitting  hens  by  crossing  Pencilled 
Hamburg  and  Polish  breeds.  A 
cross-bred  bird  from  a  Spanish  non- 
incubating  cock  and  Cochin  incu* 
bating  hen  is  mentioned  in  the '  Poultrr 
Chronicle,'  vol.  iii.  p.  13,  as  an  *' ex- 
emplary mother."  On  the  other 
hand,  an  exceptional  case  is  given  in 
the  *CotUge  Gardener,'  1860,  p.  388, 
of  a  hen  raised  from  a  Spanish  cock 
and  black  Polish  ban  wkick  did  Ml 
incvbata. 
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between  two  non-sitting  breeds  invariably  recoTer  their  lost 
instinct,  any  more  than  that  crossed  fowls  or  pigeons  invari* 
ably  recover  the  red  or  blue  plumage  of  their  prototypes.  I'hus 
I  raised  several  chickens  from  a  Polish  hen  by  a  Spanish 
cock, — breeds  which  do  not  incubate, — and  none  of  the  young 
hens  at  first  showed  any  tendency  to  sit ;  but  one  of  them— 
the  only  one  which  was  preserved — in  the  third  year  sat  well 
on  her  eggs  and  reared  a  brood  of  chickens.  So  that  here  we 
have  the  reappearance  with  advancing  age  of  a  primitive 
instinct,  in  the  same  manner  aa  we  have  seen  that  the  red 
plumage  of  the  OaUus  hanJdva  is  sometimes  reacquired  both 
by  crossed  and  purely -bred  fowls  of  various  kinds  as  they 
grow  old. 

The  parents  of  all  our  domesticated  animals  were  of  course 
aboriginally  wild  in  disposition ;  and  when  a  domesticated 
species  ia  crossed  with  a  distinct  species,  whether  this  is  a 
domesticated  or  only  a  tamed  animal,  the  hybrids  are  often 
wild  to  8U<ch  a  degree,  that  the  fact  is  intelligible  only  on  the 
principle  that  the  cross  has  caused  a  partial  return  to  a 
primitive  disposition.  Thus,  the  Earl  of  Powis  formerly  im- 
ported some  thoroughly  domesticated  humped  cattle  from 
India,  and  crossed  them  with  English  breeds,  which  belong  to 
a  distinct  species;  and  his  agent  remarked  to  me,  without 
any  question  having  been  asked,  how  oddly  wild  the  cross- 
bred animals  wore,  llie  European  wild  boar  and  the  Chinese 
domesticated  pig  are  almost  cei-tainly  specifically  distinct : 
Sir  F.  Darwin  crossed  a  sow  of  the  latter  breed  with  a  wild 
Alpine  boar  whidi  had  become  extremely  tame,  but  the  young, 
though  having  half-domesticated  blood  in  their  veins,  were 
^  extremely  wild  in  confinement,  and  would  not  eat  swill  like 
common  fhiglish  pigs."  Captain  Hutton,  in  India,  crossed  a 
tame  goat  with  a  wild  one  from  the  Himalaya,  and  he  re- 
marked to  me  how  surprisingly  wild  the  offspring  were. 
Mr.  Hewitt,  who  has  had  great  experience  in  crossing  tame 
cock-pheasants  with  fowls  belonging  to  five  breeds,  gives  as 
the  character  of  all  *'  extraordinary  wildness  ;"^'  but  J  have 
myself  seen  one  exception  to  this  rule.    Mr.  S.  J.  Salter,^ 

*«  *The  Poultry  Book,'  by  Teget-  «•  *  Natural  Hi*tor>  Rctmw,'  1863^ 

i«r,  183^,  pp.  165, 167.  April,  p.  277. 
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who  raised  a  large  number  of  hybrids  from  a  bantam-hen  bj 
Ocdlua  9onueratii^  states  that  *'all  were  exceedingly  wild." 
Mr.  Waterton^^  bred  some  wild  ducks  from  eggs  hatched 
under  a  common  duck,  and  the  young  were  allowed  to  cross 
freely  both  amongst  themselves  and  with  the  tame  ducks; 
they  were  "half  wild  and  half  tame;  they  came  to  the 
windows  to  be  fed,  but  still  they  had  a  wariness  about  them 
quite  remarkable.'* 

On  the  other  hand,  mules  from  the  horse  and  ass  are 
certainly  not  in  the  least  wild,  though  notorious  for  obstinacy 
and  vice.  Mr.  Brent,  who  has  crossed  canary-birds  with 
many  kinds  of  finchee,  has  not  observed,  as  he  informs  me, 
that  the  hybrids  were  in  any  way  remarkably  wild:  but 
Mr.  Jenner  Weir  who  has  had  still  greater  experience,  is  of  a 
directly  opposite  opinion.  He  remarks  that  the  siskin  is  the 
tamest  of  finches,  but  its  mules  are  as  wild,  when  young,  as 
newly  caught  birds,  and  are  often  lost  through  their  continued 
efforts  to  escape.  Hybrids  are  often  raised  between  the 
common  and  musk  duck,  and  I  have  been  assured  by  three 
persons,  who  have  kept  these  crossed  birds,  that  they  were 
not  wild ;  but  Mr.  Gamett^'  observed  that  his  hybrids  were 
wild,  and  exhibited  "  migratory  propensities  "  of  which  there 
18  not  a  vestige  in  the  common  or  musk  duck.  No  case  is 
known  of  this  latter  bird  having  escaped  and  become  wild  in 
Europe  or  Asia,  except,  according  to  Pallas,  on  the  Caspian 
8ea ;  and  the  common  domestic  duck  only  occasionally  becomes 
wild  in  districts  where  large  lakes  and  fens  abound.  Never- 
theless, a  large  number  of  cases  have  been  recorded  ^^  of 
hybrids  from  these  two  ducks  having  been  shot  in  a  com- 
pletely wild  state,  although  so  few  are  reared  in  comparison 
with  purely-bred  birds  of  either  species.  It  is  improbable 
that  any  of  these  hybrids  could  have  acquired  their  wildness 

««  (Essays  on  Natural  Hutory,'  p.  asserts  ('Zoologist,'  toI.  t.,  1845-46 

017.  p.  1254)  that  sereral  hare  been  shot 

**  As  stated  hy  Mr.  Orton,  in  his  in  rarions    parts    of  Belginm    and 

'Physiology  of  Breeding/ p.  12.  Northern  France.    Andnbon  (^ Ornith« 

**  M.     £.    de     Selys^Longchampa  olog.   Biography,*  toI.   iiL   p.    168), 

refers  (*  Bulletin  Acad.  Roy.  de  Brnx-  speaking  of  these  hybrids,  says  that, 

files,'  torn.  xii.  No.  10)  to  more  than  in    North  America,  they  "  now   and 

sfYen    of    these    hybrids    shot    in  then  wander  off  and  become  quite 

ftwitzerland  and  France.     M.  Deby  wUd." 
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from  the  mufik-dack  having  paired  with  a  tmly  wild  dnck  ; 
aud  this  is  known  not  to  be  the  case  in  North  America ;  hence 
we  must  infer  that  they  have  reacquired,  tliruugh  revcrsioDt 
their  wildness,  as  well  as  renewed  powers  of  flight. 

These  latter  facta  remind  us  of  the  statements,  so  fre({uently 
made  by  travellers  in  all  parts  of  the  world*  on  the  degraded 
state  and  savage  disposition  of  crossed  races  of  man.  That 
many  excellent  and  kind-hearted  mulattos  have  existed  no  one 
will  dispute ;  and  a  more  mild  and  gentle  set  of  men  could 
hardly  be  found  than  the  inhabitants  of  the  island  of  Chilco, 
who  consist  of  Indians  commingled  with  Spaniards  in  various 
proportions.  On  the  other  hand,  many  yeai*s  ago,  long  before 
I  had  thought  of  the  present  subject,  I  was  struck  with  the 
fact  that,  in  South  America,  men  of  complicated  descent 
between  Negroes,  Indians,  and  Spaniards,  seldom  had,  what- 
ever the  cause  might  be,  a  good  expression.^'  Livingstone, — 
and  a  more  unimpeachable  authority  cannot  be  quoted,  —after 
speaking  of  a  half-caste  man  on  the  Zambesi,  desci  ibed  by  the 
Portuguese  as  a  rare  monster  of  inhumanity,  remarks,  **  It  is 
unaccountable  why  half-castes,  such  as  he,  are  so  much  more 
cruel  than  the  Portuguese,  but  such  is  undoubtedly  the  case." 
An  inhabitant  remarked  to  Livingstone,  '*  God  made  white 
men,  and  God  made  black  men,  but  the  Devil  made  half- 
castes."^^  When  two  races,  both  low  in  the  scale,  are  crossed 
the  progeny  seems  to  be  eminently  bad.  Thus  the  noble- 
hearted  Humboldt,  who  felt  no  prejudice  against  the  inferior 
races,  speaks  in  strong  terms  of  the  bad  and  savage  dinposition 
of  Zambos,  or  half-castes  between  Indians  and  Negroes :  and 
this  conclusion  has  been  arrived  at  by  various  observers.^' 
From  these  facts  we  may  perhaps  infer  that  the  degraded  state 
of  so  many  half-castes  is  in  part  due  to  reversion  to  a  primitive 
and  savage  condition,  induced  by  the  act  of  crossing,  even  if 
mainly  due  to  the  unfavourable  moral  conditions  under  which 
they  are  generally  reared. 

Summary  on  the  proximate  comes  leering  to  Bever$ion, — When 

"  *Jonrcal  of  Researchea,'  1845,  *•  Dr.  P.  Broca,  on  *  Hybridity  it 

p.  71.  the    Genas    Homo,'    Eng.    translat. 

«•  'Expedition    to    the    Zambesi,'  1864,  p.  39. 
UI65,pp.25,  150. 
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purely-bred  animals  or  plants  reassume  long-lost  cbaractetB, — 
when  the  common  ass,  for  instance,  is  bom  with  striped  legs, 
when  a  pure  race  of  black  or  white  pigeons  throw>3  a  slaty- 
blue  bird,  or  when  a  cultivated  heartsease  with  large  and 
rounded  fiowei's  produces  a  seedling  with  small  and  elongated 
flowers, — we  are  quite  unable  to  assign  any  proximate  cause. 
When  animals  run  wild,  the  tendency  to  reversion,  which, 
though  it  has  been  greatly  exaggerated,  no  doubt  exists,  is 
sometimes  to  a  certain  extent  intelligible.  Thus,  with  feral 
pigs,  exposure  to  the  weather  will  probably  favour  the  growth 
of  the  bristles,  as  is  known  to  be  the  case  with  the  hair  of 
other  domesticated  animals,  and  through  correlation  the  tusks 
will  tend  to  be  redeveloped.  But  the  reappeai*ance  of  coloured 
longitudinal  stripes  on  young  feral  pigs  cannot  be  attributed 
to  the  direct  action  of  external  conditions.  In  this  case,  and 
in  many  otheis,  we  can  only  say  that  any  change  in  the 
habits  of  life  apparently  favour  a  tendency,  inherent  or  latent 
in  the  species,  to  return  to  the  primitive  state. 

It  will  be  shown  in  a  future  chapter  that  the  position  of 
flowers  on  the  summit  of  the  axis,  and  the  position  of  seeds 
within  the  capsule,  sometimes  determine  a  tendency  towards 
reversion  ;  and  this  apparently  depends  on  the  amount  of  sap 
or  nutiiment  which  the  flower-buds  and  seeds  receive.  The 
position,  also,  of  buds,  either  on  branches  or  on  loots,  some- 
times determines,  as  was  formerly  shown,  the  transmission  of 
the  character  pi  oper  to  the  variety,  or  its  reversion  to  a  former 
state. 

We  have  seen  in  the  last  section  that  when  two  races  or 
species  are  crossed  there  is  the  strongest  tendency  to  the  re- 
appearance in  the  offspring  of  long-lost  characters,  possessed 
by  neither  parent  nor  immediate  progenitor.  When  two 
white,  or  red,  or  black  pigeons,  of  well-established  breeds, 
are  united,  the  oflspring  are  almost  sure  to  inherit  the  same 
colours ;  but  when  differently  coloured  birds  are  crossed,  the 
opposed  forces  of  inheritance  apparently  counteract  each 
other,  and  the  tendency  which  is  inherent  in  both  parents  to 
produce  slaty-blue  offspring  becomes  predominant.  So  it  is 
in  several  other  cases.  But  when,  for  instance,  the  ass  is 
CioBsed  with  E,  indicus  or  with  the  horse,— animals  which 
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have  not  striped  legs^^aTid  the  hybrids  have  oonspicaous 
stripes  on  their  legs  and  even  on  their  faces,  all  that  can  be 
said  is,  that  an  inherent  tendency  to  reversion  is  evolved 
throngh  some  distarbance  in  the  organisation  caused  by  the 
act  of  cruiaing. 

Another  form  of  reversion  is  far  commoner,  indeed  is  almost 
universal  with  the  oflbpring  from  a  cross,  namely,  to  the 
characters  proper  to  either  pore  parent-form.  As  a  geneial 
rule,  crossed  offspring  in  the  first  generation  are  nearly  inter- 
mediate between  their  parents,  bat  the  grandchildren  and 
succeeding  generations  continually  t  evert,  in  a  greater  or 
lesser  degree,  to  one  or  both  of  their  progenitors.  Severa. 
authors  have  maintained  that  hybrids  and  mongrels  include 
all  the  characters  of  both  parents,  not  fused  together,  but 
merely  mingled  in  different  proportions,  in  different  parts  of 
the  body ;  or,  as  Naudin  ^  has  expressed  it,  a  hybrid  is  a 
li^'ing  mosaic-work,  in  which  the  eye  cannot  distinguish  tho 
discordant  elements,  so  completely  are  they  intermingled. 
We  can  hardly  donbt  that,  in  a  certain  sense,  this  is  true,  as 
when  we  behold  in  a  hybrid  the  elements  of  both  species 
segregating  themselves  into  segments  in  tho  same  flower  or 
fruit,  by  a  process  of  self-attraction  or  self-affinity;  this 
segregation  taking  place  either  by  seminal  or  bud-propagation. 
Naudin  further  believes  that  the  segregation  of  the  two 
specific  elements  or  essences  is  eminently  liable  to  occur  in 
the  male  and  female  reproductive  matter ;  and  he  thus 
explains  the  almost  universal  tendency  to  reversion  in  succes- 
sive hybrid  generations.  For  this  would  be  the  natural 
resnlt  of  the  union  of  pollen  and  ovules,  in  both  of  which  the 
elements  of  the  same  species  had  been  segregated  by  self- 
affinity.  If,  on  tho  other  hand,  pollen  which  included  the 
elements  of  one  species  happened  to  unite  with  ovules  includ- 
ing the  elements  of  the  other  species,  the  intermediate  or 
hybrid  state  would  still  be  retained,  and  there  would  be 
no  reversion.  But  it  would,  as  I  suspect,  be  more  correct 
to  say  that  the  elements  of  both  patent-species  exist  in  every 
hybrid  in  a  double  state,  namely,  blended  together  and  com- 

**  'KonvcUes  Archires  du  Museum,'  torn.  I.  p.  151. 
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plctelj  separate.  How  thin  is  possible,  and  what  tl  3  tenn 
specific  essence  or  element  may  be  supposed  tc  express,  I  shiiU 
attempt  to  show  in  the  chapter  on  the  hypothesis  of  pangenesis. 

But  Naudin's  ir!ew,  as  propounded  by  him,  is  not  applicable 
to  the  reappearance  of  characters  lost  long  ago  by  variation ; 
and  it  is  hardly  applicable  to  races  or  species  which,  after 
haying  been  crossed  nt  some  former  period  with  a  distinct 
form,  and  having  since  lost  all  traces  of  the  cross,  neverthe- 
less oocHsionally  yield  an  individual  which  reverts  (as  in  the 
case  of  the  gi'eat  great-grandchild  of  the  pointer  Sappho)  to 
the  crossing  form.  The  most  simple  case  of  reversion,  namely, 
of  a  hybrid  or  mongrel  to  its  grandparents,  is  connected  by  an 
almost  perfect  series  with  the  extreme  case  of  a  purely*brod 
race  recovering  characters  which  had  been  lost  daring  many 
ages  ;  and  we  are  thus  led  to  infer  that  all  the  oases  must  be 
related  bv  Fome  common  bond. 

Gartner  believed  that  only  highly  sterile  hybrid  plants  ex- 
hibit any  tendency  to  reversion  to  their  parent-forms.  This 
erroneous  belief  may  perhaps  be  accounted  for  by  the  nature 
of  the  genera  crossed  by  him,  for  he  Hdmits  that  the  tendency 
differs  in  different  genera.  The  statement  is  also  directly  con* 
tradicted  by  Naudin*s  observations,  and  by  the  notorious  fact 
that  perfectly  fertile  mongrels  exhibit  the  tendency  in  a  high 
degree,— even  in  a  higher  degree,  according  to  Gartner 
himself,  than  hybrids.'^ 

Gartner  further  states  that  reversions  rarely  occur  with 
hybrid  plants  raised  from  species  which  have  not  been  culti- 
vated, whilst,  with  those  which  have  been  long  cultivated, 
they  are  of  frequent  occurrence.  This  conclusion  explains 
a  curious  discrepancy :  Max  Wichura,^'  who  worked  exclu- 
sively on  willows  which  had  not  been  subjected  to  culture, 
never  saw  an  instance  of  reversion ;  and  he  goes  so  far  as  to 
suspect  that  the  careful  Gartner  had  not  sufficiently  protected 
his  hybrids  from  the  pollen  of  the  parent  species  :  Naudin,  on 
the  other  hand,  who  chiefly  experimented  on  oucurbitaoeous  and 
other  cultivated  plants,  insists  more  strenuously  than  any  other 

«<  <  BasUrderMiigang,'  s.  582, 438,      der  Weiden,'  1865,  s.  23.  For  OartDcr'f 
Jbc.  remarks  on  this  head,  aee  'Bastard* 

"  '  Die  Bastardbefrachtang  ....      erzeugung/  a.  474,  582. 
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anthor  on  the  tendency  to  reversion  in  all  Hybrids.  The  oon- 
clnsion  that  the  condition  of  the  parent-species,  as  affoctod  by 
culture,  is  one  of  the  proximate  causes  leading  to  reyenlon, 
agrees  well  with  the  oonverKo  case  of  domesticated  animals  and 
cultiyated  plants  being  liable  to  reversion  when  they  become 
feral ;  for  in  both  oase^  the  organisation  or  constitution  must 
be  dibturbed,  though  in  a  very  different  way.'^ 

Finally,  we  have  seen  that  characters  oftea  reappear  in 
purely-bred  races  without  our  being  able  to  a  sign  any 
proximate  cause ;  but  when  they  become  feral  this  is  either 
indirectly  or  directly  induced  by  the  change  in  their  condi- 
tions of  life.  With  crossed  breeds,  the  act  of  crossing  in 
itself  certainly  leads  to  the  recovery  of  long-lost  characters, 
as  well  as  of  those  derived  from  either  parent-form.  Changed 
conditions,  consequent  on  cultivation,  and  the  relative  position 
of  buds,  flowers,  and  seeds  on  the  plant,  all  apparently  aid  in 
giving  this  same  tendency.  Reversion  may  occur  either 
through  seminal  or  bud  generation,  generally  at  birth,  bu( 
sometimes  only  with  an  advance  of  age.  Segments  or  portions 
of  the  individual  may  alone  be  thus  affected.  That  a  being 
should  be  bom  resembling  in  certain  characters  an  ancestor 
removed  by  two  or  three,  and  in  some  cases  by  hundreds  or 
even  thousands  of  generations,  is  assuredly  a  wonderful  fact. 
In  these  cases  the  child  is  commonly  said  to  inherit  such 
characters  directly  from  its  grandparent,  or  more  remote 
ancestors.  But  this  view  is  hardly  conceivable.  If,  however, 
we  suppose  that  every  character  is  derived  exclusively  from 
the  father  or  mother,  but  that  many  characters  lie  latent  or 
dormant  in  both  parents  during  a  long  succession  of  genera- 
tions, the  foregoing  facts  are  intelligible.  In  what  manner 
characters  may  be  conceived  to  lie  latent,  will  be  considered 
in  a  future  chapter  to  which  I  have  lately  alluded. 

Latent  CJutraeter$. — ^But  I  must  explain  what  is  meant  by 

**  Prof.    Webmann,   iu    hU   rerj  clasion,  namely,  that  any  cauM  which 

curious  essay  on  the  different  forms  disturbs  the  organisation,  such  as  the 

produced    by    the    sam^    species    of  expo»ure  of  the  cocoons  to  heat  oi 

butterfly  at  different  seMons  (*  Saison-  even     to     much    shaking,    givev    a 

Dimorphismns  der  Schmetterlinge,*  pp.  tendency  to  reversion. 
27,  28),  has  come  to  a  similar  con- 
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characters  lying  latent.  The  most  obTioiu  illustration  is 
afforded  by  secondary  sexual  characters.  In  every  female  all 
the  secondary  male  characters,  and  in  every  male  all  the 
secondary  female  characters,  apparently  exist  in  a  latent 
state,  ready  to  be  evolved  under  certain  conditions.  It  is 
well  known  that  a  large  number  of  female  birds,  such  as 
fowls,  various  pheasants,  partridges,  peahens,  ducks,  Ac, 
when  old  or  diseased,  or  when  opei  ated  on,  assume  many  or 
all  of  the  secondary  male  characters  of  their  species.  In 
the  case  of  the  hen-pheasant  this  has  been  observed  to  occur 
far  more  frequently  during  certain  years  than  during  others.^ 
A  duck  ten  years  old  has  been  known  to  assume  both  the 
perfect  winter  and  summer  plumage  of  the  drake.^^  Water- 
ton  ^*  gives  a  curious  case  of  a  hen  which  had  ceased  laying, 
and  had  assumed  the  plumage,  voice,  spurs,  and  warlike 
disposition  of  the  cock ;  when  opposed  to  an  enemy  she  would 
erect  her  hackles  and  show  fight.  Thus  every  character,  even 
to  the  instinct  and  manner  of  fighting,  must  have  lain 
dormant  in  this  hen  as  long  as  her  ovaria  continued  to  act. 
The  females  of  two  kinds  of  deer,  when  old,  have  been  known 
to  acquire,  horns ;  and,  as  Hunter  has  remarked,  we  see  some- 
thing of  an  analogous  nature  in  the  human  species. 

On  the  other  hand,  with  male  animals,  it  is  notorious  that 
the  secondary  sexual  characters  are  more  or  less  completely 
lost  when  they  are  subjected  to  castration.  Thus,  if  the 
operation  be  performed  on  a  young  cock,  he  never,  as  YaiTell 
states,  crows  again ;  the  comb,  wattles,  and  spurs  do  not  grow 
to  their  full  size,  and  the  hackles  assume  an  intermediate 
appearance  between  true  hackles  and  the  feathers  of  the  hen. 
Cases  are  recorded  of  confinement,  which  often  affects  the 
reproductive  system,  causing   analogous  results.     But  cha- 


"  Yarrell,  <Phil.  Transact.,'  1827, 
p.  268;  Dr.  Hamilton,  in  *Proc 
Zoolog.  Soc./  1862,  p.  23. 

**  *  Archie.  Skand.  Beitr&ge  zor 
Katurgesch.'  viii.  s.  397-413. 

*«  In  his  *  Essays  on  Nat.  Hist.,' 
1838,  Mr.  Hewitt  gives  analogous 
cnses  with  hen-pheasants  in  *  Journal 
•f  Horticulture,  July  12, 1864,  p.  37. 


Isidore  Geoffroj  Saint-Hilaire,  in  his 
*£s8aisde  Zoolog.  G^n.'  ('suites  i 
Buffon,'  1842,  pp.  496-513),  has 
collected  such  cases  in  ten  different 
kinds  of  birds.  It  appears  that 
Aristotle  was  well  aware  of  the 
change  in  mental  disposition  in  old 
hens.  The  case  of  the  female  deet 
acquiring  horns  is  given  at  p.  513. 
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racten  properly  oonfinod  to  the  female  are  likewiee  aoqnirod 
by  the  male ;  the  capon  takee  to  sitting  on  eggs,  and  will 
bring  np  chickens ;  and  what  is  more  cnrions,  the  utterly 
sterile  male  hybrids  from  the  pheasant  and  the  fowl  act  in 
the  same  manner,  ^*  their  delight  being  to  watch  when  thA 
hens  leave  their  nests,  and  to  take  on  themselyes  the  office  of 
a  sitter.'*  ^'  That  admirable  observer  R^anmnr  ^^  asserts  that 
a  cock,  by  being  long  confined  in  solitnde  and  darkness,  can 
be  tanght  to  take  charge  of  yonng  chickens ;  he  then  utters 
a  peculiar  cry,  and  retains  during  his  whole  life  this  newly 
acquired  maternal  instinct  The  many  well-ascertained  cases 
of  various  male  mammals  giving  milk  shows  that  their  rudi- 
mentary mammary  glands  retain  this  capacity  in  a  latent 
condition. 

We  thus  see  that  in  many,  probably  in  all  cases,  the 
secondary  characters  of  each  sex  lie  dormant  or  latent  in  the 
opposite  sex,  ready  to  be  evolved  under  peculiar  circumstances. 
\>  e  can  thus  understand  how,  for  instance,  it  is  possible  for 
a  good  milking  cow  to  transmit  her  good  qualities  through 
her  male  offspring  to  future  generations ;  for  we  may  confi- 
dently believe  that  these  qualities  are  present,  though  latent, 
in  the  males  of  each  generation.  So  it  is  with  the  game-oock, 
who  can  transmit  his  superiority  in  courage  and  vigour 
through  his  female  to  his  male  ofispring ;  and  with  man  it  is 
known  ^^  that  diseases,  such  as  hydrocele,  necessarily  confined 
to  the  male  sex,  can  be  transmitted  through  the  female  to  the 
grandson.  Such  cases  as  these  offer,  as  was  remarked  at  the 
commencement  of  this  chapter,  the  simplest  possible  examples 
of  reversion ;  and  they  are  intelligible  on  the  belief  that 
characters  common  to  the  grandparent  and  grandchild  of  the 
same  sex  are  present,  though  latent,  in  the  intermediate 
parent  of  the  opposite  sex. 

The  subject  of  latent  characters  is  so  important,  as  we  shall 
Bee  in  a  future  chapter,  that  I  will  give  another  illustration. 
Many  animals  have  the  right  and  left  sides  of  their  body 

*'  'Cottage   Gardener,'    1860,    p.  ••  Sir  H.  Holland,  *  Medical  Kotei 

879.  and  Reflections,'  3rd  edit.,  1855,  iw 

••  *  Art  de  faire  Ecloro,'  &c.,  1749,  31. 
tMLiLp.8. 
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nnoqually  developed :  this  is  well  known  to  be  the  case  with 
flat  linh,  in  which  the  one  side  differs  in  thickness  and  oolonr 
and  in  the  shape  of  the  fins,  from  the  other,  and  during  the 
gi'owth  of  the  young  fish  one  eye  is  gradually  twisted  from 
the  lower  to  the  upper  surface.^  In  most  flat-fishes  the  loft 
is  the  blind  side,  but  in  some  it  is  the  right :  though  in  both 
cases  reversed  or"  wrong  fishes,"  are  occasionally  developed ; 
and  in  Plateisa  fleaus  the  right  or  left  side  is  indifferently  the 
upper  one.  With  gasteropods  or  shell-fish,  the  right  and  left 
sides  are  extremely  unlike ;  the  far  greater  number  of  species 
are  dextral,  with  rare  and  occasional  reversals  of  development, 
and  some  few  are  normally  sinistral ;  but  certain  species  of 
fiulimus,  and  many  Achatinellsd,*^  are  as  often  sinistral  as 
dextral.  I  will  give  an  analogous  case  in  the  great  articulate 
kingdom :  the  two  sides  of  Verruca*^  are  so  wonderfully 
unlike,  that  without  careful  dissection  it  is  extremely  difficult 
to  recognise  the  corresponding  parts  on  the  opposite  sides  of 
the  body;  yet  it  is  apparently  a  mere  matter  of  chance 
whether  it  be  the  right  or  the  left  side  that  undergoes  so 
singular  amount  of  change.  One  plant  is  known  to  me  ^  in 
which  the  flower,  according  as  it  stands  on  the  one  or  other 
side  of  the  spike,  is  unequally  developed.  In  all  the  foregoing 
cases  the  two  sides  are  perfectly  symmetrical  at  an  early 
period  of  growth.  Now,  whenever  a  species  is  as  liable  to  be 
unequally  developed  on  the  one  as  on  the  other  side,  we  may 
infer  that  the  capacity  for  such  development  is  present, 
though  latent,  in  the  undeveloped  side.  And  as  a  reversal  of 
development  occasionally  ooours  in  animals  of  many  kinds, 
this  latent  capacity  is  probably  very  oommon. 

The  best  yet  simplest  cases  of  characters  lying  dormant 
are,  perhaps,  those  previously  given,  in  which  chickens  and 
young  pigeons,  raised  from  a  cross  between  differently  coloured 


**  See  Steenstrup  on  the  *  Obliquity 
Of  Floanders ' :  in '  Annals  and  Mag.  of 
Nat.  Hist.'  May,  1865,  p.  361.  I 
have  given  an  abstract  of  Malm's 
explanation  of  this  wonderful  pheno- 
mcnon  in  toe  '  Origin  of  Species'  6th 
Edit.  p.  186. 

*^  Dr.  £.  von  Martens,  in  'Annals 
and  Mag.  of  Nat.  Hist.'  March,  1866, 


p.  209. 

•«  Darwin,  *Balanid«,'  Pay  Soc, 
1854,  p.  499 :  Bee  also  the  appenled 
remarks  on  the  apparently  capricious 
derelopment  of  the  thoracic  limbs  on 
the  right  and  loft  sides  in  the  higher 
crusta4>eans. 

**  Mormodes  ignea :  Darwin,  *  Feiw 
tiii^ation  ui  Orchids/  1869,  p.  25L 
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birds,  are  at  first  of  one  colour,  bat  in  a  year  or  two  acquire 
feathers  of  the  colour  of  the  other  parent ;  for  in  this  case  the 
tendency  to  a  change  of  plumage  is  dearly  latent  in  the  young 
bird.  80  it  is  with  hornless  breeds  of  cattle,  some  of  which 
acquire  small  horns  as  the}'  grow  old.  Purely  bred  black  and 
white  bantams,  and  some  other  fowls,  occasionally  assume,  with 
advancing  years,  the  red  feathers  of  the  parent-species.  I  will 
here  add  a  somewhat  different  case,  as  it  connects  in  a  striking 
manner  latent  characters  of  two  classes.  Mr.  Hewitt^  pos- 
sessed an  excellent  Sebright  gold-laced  bantam  hen,  which, 
as  she  became  old,  grew  diseased  in  her  ovaria,  and  assumed 
male  characters.  In  this  breed  the  males  resemble  the  females 
in  all  respects  except  in  their  combs,  wattles,  spurs,  and 
instincts ;  hence  it  might  have  been  expected  that  the  diseased 
hen  would  have  assumed  only  those  masculine  characters 
which  are  proper  to  the  breed,  but  she  acquired,  in  addition, 
well-arched  tail  sickle- feathers  quite  a  foot  in  length,  saddle- 
feathers  on  the  loins,  and  hackles  on  the  neck, — ornaments 
which,  as  Mr.  Hewitt  remarks,  **  would  be  held  as  abominable 
in  this  breed.'*  The  Sebright  bantam  is  known  ^^  to  have 
originated  about  the  year  1800  from  a  cross  between  a  common 
bantam  and  a  Polish  fowl,  recrossed  by  a  hen-tailed  bantam, 
and  carefully  selected ;  hence  there  can  hardly  be  a  doubt 
that  the  sickle-feathers  and  hackles  which  appeai*ed  in  the  old 
hen  were  derived  from  the  Polish  fowl  or  common  bantam  ;  and 
we  thu:<  gee  that  not  only  certain  masculine  characters  proper 
to  the  Sebright  bantam,  but  other  masculine  characters  derived 
from  the  first  ]»rogenitors  of  the  breed,  removed  by  a  ))eriod  of 
above  sixty  years,  were  lying  latent  in  this  henbird,  ready 
to  be  evolved  as  soon  as  her  ovaria  became  diseased. 

From  these  several  facts  it  must  be  admitted  that  certain 
characters,  capacities,  and  instincts,  may  lie  latent  in  an  indi- 
vidual, and  even  in  a  succession  of  individuals,  without  oiir 
being  able  to  detect  the  least  sign  of  their  presence.  When 
fowls,  pigeons,  or  cattle  of  different  colours  are  crossed,  and 

•*  *  Jonrnal  of  Horticulture,*  July,  Tegetmeier. 
1864,  p.  38.     I  haye  had  the  oppor-  «  *  The    Poultry    Book,*    ty   Mr 

tanity  of  examining  these  remaricable  Tegetmeier ,  1866,  p.  241. 
feathers  through  th#  lr*r«J9<»««  of  Mr 
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their  offspring  change  colour  as  they  grow  old,  or  when  the 
crossed  tiirbit  acquired  the  characteristic  frill  after  its  third 
moult,  or  when  purely-bred  bantams  partially  assume  the  red 
plumage  of  their  prototype,  we  caunot  donbt  that  these 
qualities  were  from  the  first  present,  though  latent,  in  the 
individual  animal,  like  the  characters  of  a  moth  in  the  cater- 
pillar. Now,  if  these  animals  had  produced  oflbpring  before 
they  had  acquired  with  advancing  age  their  new  characters, 
nothing  is  more  probable  than  that  they  would  have  trans- 
mitted them  to  some  of  their  ofispring,  who  in  this  case  would 
in  appearance  have  received  such  characters  from  their  grand- 
parents or  more  distant  progenitors.  We  should  then  have 
had  a  case  uf  reversion,  that  is,  of  the  reappearance  in  the 
child  of  an  ancestral  character,  actually  present,  though 
during  3'ouih  completely  latent,  in  the  parent ;  and  this  we 
may  safely  conclude  is  what  occurs  in  all  reversions  to  pro- 
genitorn,  however  remote. 

This  view  of  the  latency  in  each  generation  of  all  the  cha- 
racters which  appear  through  reversion,  is  also  supported  by 
their  actual  presence  in  some  cases  during  early  youth  alone, 
or  by  their  more  frequent  appearance  and  greater  distinctness 
at  this  age  than  during  maturity.  We  have  seen  that  this  is 
often  the  case  with  the  stripes  on  the  legs  and  faces  of  the 
several  species  of  the  horse-genus.  The  Himalayan  rabbit, 
when  crossed,  sometimes  produces  ofbpiing  which  revert  to 
the  parent  silver-grey  breed,  and  we  have  seen  that  in  purely 
bred  animals  pale-grey  fur  occasionally  reappears  during  early 
youth.  Black  cats,  we  may  feel  assured,  would  cccasionally 
produce  by  reversion  tabbies;  and  on  young  black  kittens, 
with  a  pedigree'*  known  to  have  been  long  pure,  faint  traces 
of  stripes  may  almost  always  be  seen  which  afterwards  dis- 
appear. Hornless  SuH'olk  cattle  occasionally  produce  by 
i-ever&ion  homed  animals ;  and  Yonatt  *^  asserts  that  even  in 
hornless  individuals  *'  the  rudiment  of  a  horn  may  be  often 
felt  at  an  early  age.'' 

No  doubt  it  appears  at  first  sight  in  the  highest  degi-ee  im- 
probable that  in  every  horse  of  every  generation  there  should 

«•  Carl  Vogt,  '  Lectures  on  Man,'  •»  *  On  Cattle,'  p.  174. 

£ng.  translat,  1864,  p.  411. 
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be  a  latent  capacity  and  tendency  to  produce  stripoB,  though 
these  may  not  appear  onoe  in  a  thoiuand  generations ;  that  in 
eTery  white,  Lhick,  or  other  ooloured  pigeon,  which  may  have 
transmitted  its  proper  colour  during  centuries,  there  should 
be  a  latent  capacity  in  the  plumage  to  become  blue  and  to  be 
marked  with  certain  characteristic  bars ;  that  in  every  child 
in  a  six-fingered  family  there  should  be  the  capacity  for  the 
production  of  an  additional  digit;  and  so  in  other  cases. 
Nevertheless,  there  is  no  more  inherent  improbability  in  this 
being  the  case  than  in  a  useless  and  rudimentary  organ,  or  even 
in  only  a  tendency  to  the  production  of  a  rudimentary  organ, 
being  inherited  during  millions  of  generations,  as*  is  well 
known  to  occnr  with  a  multitude  of  organic  beings.  There  is 
no  more  inherent  improbability  in  each  domestic  pig,  during  a 
thousand  generations,  retaining  the  capacity  and  tendency  to 
develop  great  tusks  under  fitting  conditions,  than  in  the  young 
calf  having  retained  for  an  indefinite  number  of  generations 
rudimentaiy  incisor  teeth,  which  never  protrude  through  the 
gums. 

I  shall  give  at  the  end  of  the  next  chapter  a  summaiy  of  the 
three  preceding  chapters ;  but  as  isolated  and  striking  aises 
of  reversion  have  here  been  chiefly  insisted  on,  I  wish  to 
guard  the  reader  against  suppo>ing  that  reversion  is  due  to 
some  rare  or  accidental  combination  of  circumstances,  ^hen 
a  character,  lost  during  hundreds  of  generations,  suddenly 
reappears,  no  doubt  some  such  combination  must  occur ;  but 
revereions  to  the  immediately  preceding  generations  may  be 
constantly  observed,  at  least,  in  the  offispring  of  most  unions, 
lliis  has  been  universally  recognised  in  the  case  of  hybnds 
and  mongrels,  but  it  has  been  recognised  simply  from  the 
difference  between  the  united  forms  rendering  the  resemblance 
of  the  o£Ei9pring  to  their  grandparents  or  more  remote  pro- 
genitors of  easy  detection.  Beversion  is  likewise  almost  in- 
variably the  rule,  as  Mr.  Sedgwick  has  shown,  with  certain 
diseases.  Hence  we  must  conclude  that  h  tendency  to  this 
peculiar  form  of  transmission  is  an  integral  part  of  the 
general  law  of  inheritance. 

M<mabro§Uie8, — A  large  number  of  monstrous  growths  and 
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of  leaser  anomaliee  are  admitted  by  every  on :  to  be  due  to  an 
arrest  of  development,  that  is,  to  the  persistence  of  an  embry- 
onic condition.  Hut  many  monstrosities  cannot  bo  thus 
explained ;  for  parts  of  which  no  trace  can  be  detected  in  the 
embryo,  but  which  occur  in  other  members  of  the  same  class 
of  animals  occasionally  appear,  and  these  may  probably  with 
truth  be  attributed  to  reversion.  As,  however,  I  have  treated 
this  subject  as  fully  as  I  could  in  my  *  Descent  of  Man ' 
(chap,  i.,  2nd  edit.),  1  will  not  here  recur  to  it. 

When  flowers  which  have  normally  an  irregular  structure  becDme 
regular  or  peloric,  the  ebaoge  is  generally  looked  at  by  botanists  as 
a  return  to  the  priniitive  state.  But  Dr.  Maxwell  Mastern,  *"  who 
has  ably  discussed  this  subject,  remarks  that  when,  for  instance,  all 
the  sepals  of  a  Tropfeolnm  become  green  and  of  the  same  shiiiM), 
instead  of  being  coloured  with  one  prolonged  into  a  spur,  or  when 
all  the  petals  of  a  Linaria  become  simple  and  regular,  such  cases 
may  bo  due  merely  to  an  arrest  of  development;  for  in  these  flowers 
all  the  organs  during  their  earliest  condition  are  symmetrical,  and, 
if  arrested  at  this  stage  of  growth,  they  would  not  become  irregular. 
If,  moreover,  the  arrest  were  to  take  place  at  a  still  earlier  period 
of  development,  the  result  would  be  a  simple  tuft  of  green  leaves ; 
and  no  one  probably  would  call  this  a  case  of  reversion.  Dr.  Masters 
designates  Uie  cases  first  alluded  to  as  regular  peloria ;  and  others, 
in  which  all  the  corre8]x>ndlng  parts  assume  a  similar  form  of 
itrognlarity,  as  when  all  the  petals  in  a  Linaria  become  spurred,  as 
irregular  peloria.  We  have  no  right  to  attribute  these  latter  cases 
to  reversion,  until  it  can  be  shown  that  the  parent-form,  for  instance, 
of  the  genus  Linaria  had  had  all  its  petaliS  spurred ;  for  a  chance  of 
this  nature  might  result  fruin  the  spreading  of  an  anomalous 
structure,  in  accordance  with  the  law,  to  be  discussei  in  a  future 
chapter,  of  homologous  parts  tending  to  vary  in  the  same  manner. 
But  as  both  forms  of  peloria  frequently  occur  on  the  same  individual 
plant  of  the  Linaria,*^  they  probably  stand  in  some  close  relation  to 
one  another.  On  the  doctrine  that  peloria  is  simply  the  result  of  an 
arrest  of  development,  it  is  difficult  to  understand  how  an  organ 
arrested  at  a  very  early  period  of  growth  should  acquire  its  full 
functional  perfection :— how  a  pefcil,  supp  sed  to  be  thus  arrested, 
sliould  acquire  its  brilliant  colours,  and  serve  as  an  envelope  to  the 
flower,  or  a  stamen  produce  efficient  pollen;  yet  this  occurs  with 

«  *  Natural  Hist  Review,'  April,  cues,  Sitzb.  d.  k.  Akad.  d.  Wissenscb. : 

1863,  p.  258.    See  also  his  lecture,  Wiea.  Bd.   LX.  and  especially  Bd. 

Royal  Institution,  March  16,   1860.  LXVI.,  1872.  p.  125. 

On  same  subject,  see  Moquin-Tandon,  "-*  Verlot,  *  Des  Vari^t^,'  1865,  p. 

*  filaments  de  Teratologie,'  1841,  pp.  89;  Naulin, 'Noavelles  Archives  dv 

184,  352     Dr.  Peyrit»ch  has  collected  Museum.'  torn.  i.  p  1  )7. 
a  large  number  of  vary  interesting 


QULP.  XUL  HEX-SBSIOX.  83 

many  peloiic  flowen.  That  pekxrism  is  not  due  to  mere  ebaoc9 
Tambilily,  but  ^thMr  to  an  arrest  of  deTelo|iiiie&t  or  to  reTersktt, 
we  in«^  infer  from  an  obeerration  made  by  Ch.  Xorrcn/*  nunely, 
that  &milieB  vbich  hare  irregular  flowcn  often  "  retam  by  thess 
monstrous  growths  to  their  regular  form;  whilst  we  nover  see  a 
regular  flower  rea1i>«  the  structure  of  an  irregular  one." 

Some  flowern  have  almost  certainly  become  more  or  Was  completely 
peloric  through  reYer^ion,  as  the  following  interesting  case  shows. 
Corydttii^  i**beroaa  properly  has  one  of  its  two  nectaries  colourless, 
destitute  of  nectsr,  only  half  the  size  of  the  other,  and  therefore,  to 
a  certain  extent,  in  a  rudimentary  state;  the  pistil  is  curred 
towards  the  P^rfoo^  nectary,  and  the  hood,  formed  of  the  inner 
petals,  slips  off  the  (Hstil  and  stamen  in  one  direction  alone,  bo  that, 
when  a  bee  sucks  the  perfect  nectary,  the  stigma  and  stamens  are 
exposed  and  nibbed  sgainst  the  insect's  hody.  In  scTeral  closely 
allied  genera,  as  in  Dielytra,  Ac,  there  are  two  perfect  nectaries, 
the  pistil  is  straight,  and  tlie  hood  slips  off  on  either  side,  aoooni. 
ing  as  the  lies  sucks  either  nectary.  Now,  I  hare  examined  seyeral 
flowers  of  Oi/rydaiis  tuberoej,  in  which  both  nectaries  were  equally 
developed  and  contained  nectar ;  in  this  we  see  only  the  redevelop- 
ment  of  a  partially  aborted  organ ;  but  with  tins  redcTelopment  the 
pistil  becomes  straight,  and  the  hood  slips  off  in  either  directioB, 
so  that  those  flowers  have  acquired  the  perfect  structuie,  so  well 
adapted  for  insect  agency,  of  Dielytra  and  its  alliesi  We  cannot 
attribute  these  coadapted  modifications  to  chance,  or  to  correlated 
variability;  we  must  attribute  tiiem  to  reversion  to  a  primordial 
condition  of  the  species. 

The  peloric  flowers  of  Pelargonium  have  their  five  petals  in  all 
respects  alike,  and  there  is  no  nectary ;  so  that  they  resemble  the 
i^mmetrical  flowers  of  the  closely  allied  genus  Qeranium ;  but  the 
alternate  stamens  are  also  sometimes  destitute  of  anthers,  the 
shortened  filaments  being  left  as  rudiments,  and  in  this  respect 
they  resemble  the  symmetrical  flowers  of  the  closely  allied  genus 
£iodinm.  Hence  we  rosy  look  at  the  peloric  flowers  of  Peku'go- 
nium  as  having  reverted  to  the  state  of  some  primordial  form,  the 
progenitor  of  the  three  closely  related  genera  of  Pelargonium, 
Geranium,  and  Erodium. 

In  the  peloric  form  of  Antirrhinum  wc^fns,  appropriately  called 
the  '*  Wonder,"  the  tubular  and  elongated  flowers  differ  wonderfully 
from  those  of  the  common  snapdragon ;  the  calyx  and  the  mouth 
of  the  corolla  consist  of  six  equal  lobee,  and  include  six  equal  instead 
of  four  unequal  stamens.  One  of  the  two  additional  stamens  is 
manifestly  formed  by  the  development  of  a  microscopically  minute 
papilla,  which  may  be  found  at  the  bsse  of  the  upper  lip  of  tho 
flower  of  the  common  snaiidragons  in  the  nineteen  plants  examined 


^  In  his  discussion  on  somecraricns      nal  of  HortkiJtare,'  Feb.  34^  106$^ 
^loric  CaloeoUriM,  i,iioted  in  '  Jour*       p.  153. 
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hy  me.  That  this  papQla  is  a  radiment  of  a  Btamen  was  well  shown 
by  its  various  degrees  of  dAYelopment  in  crossed  plants  between  the 
common  and  the  peloric  Antirrhinnm.  Again,  a  peloric  GaJeob- 
riolon  luteum,  growing  in  my  garden,  had  five  equal  petals,  all  striped 
like  the  ordinary  lower  lip,  and  included  five  equal  instead  of  four 
unequal  stamens;  but  Mr.  B.  Keeley,  who  sent  me  this  plant, 
informs  me  that  the  flowers  vary  greatly,  having  from  four  to  six 
lobes  to  the  corolla,  and  from  three  to  six  stamens.^'  Now,  as  the 
members  of  the  two  great  families  to  which  the  Antirrhinum  and 
Galeobdolon  belong  are  properly  pentamerous,  with  some  of  the 
parts  confluent  and  others  suppressed,  we  ought  not  to  look  at  the 
sixth  stamen  and  the  sixth  lobe  to  the  corolla  in  either  case  as  due 
to  reversion,  any  more  than  the  additional  petals  in  double  flowers 
iu  those  same  two  families.  But  the  case  is  different  with  the  fifth 
stamen  in  the  peloric  Antirrhinum,  which  is  produced  by  the 
redevelopment  or  a  rudiment  always  present,  ana  which  probably 
reveals  to  us  the  state  of  the  flower,  as  far  as  the  stamens  are  con- 
cerned, at  some  ancient  epoch.  It  is  also  difficult  to  believe  that 
the  other  four  stamens  and  the  petals,  after  an  arrest  of  develop- 
ment at  a  very  early  embryonic  ago,  would  have  come  to  full 
i)erfection  in  colour,  structure,  and  function,  unless  these  orgnns 
had  at  some  former  period  normally  passed  through  a  similar  course 
of  growth.  Hence  it  appears  to  me  probable  that  the  progenitor  of 
the  genus  Antirrhinum  must  at  some  remote  epoch  have  included 
live  stamens  and  borne  flowers  in  some  degree  resembling  those  now 
produced  by  the  peloric  form.  The  conclusion  that  pcloria  is  ni>t 
a  mere  monstrosity,  irrespective  of  any  former  state  of  the  species, 
is  supported  by  the  fact  that  this  structure  is  often  strongly  in- 
heritea,  as  in  the  case  of  the  peloric  Antirrhinum  and  Gloxiuia  and 
sometimes  in  that  of  the  peloric  Con/d  dU  solid  iJ* 

Lastly  I  may  add  that  many  instances  have  been  recorded  of 
flowers,  not  generally  considered  as  peloric,  in  which  certain 
organs  are  abnormally  augmented  in  number.  As  an  increase 
of  parts  cannot  be  looked  at  as  an  arrest  of  development,  nor  as  due 
to  the  redevelopment  of  rudiments,  for  no  rudiments  are  present, 
and  as  these  additional  pturts  bring  the  plant  into  closer  relationship 
with  its  natural  allies,  they  ought  probably  to  be  viewed  as  rever- 
sions to  a  primordial  condition. 

These  several  facts  show  us  in  an  interesting  manner  how 
intimately  certain  abnormal  states  are  connected  together; 
namely;  arrests  of  development  causing  parts  to  beoome  rudi- 
mentary or  to  be  wholly  suppressed, — the  redevelopment  of 

*   Tor  other  cases  of  six  diyisioiu  **  Godron,    reprinted    from     the 

in  peloric  flowers  of  the  Labiatse  and  '  M^moires  de   TAcad.  de  StaaUlaai' 

Scrophalariaoes,  set  Moquin-Tandon,  1868. 
«T«nitologie/p.  Itf2. 
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parts  now  in  a  more  or  less  mdimentarj  coDdition, — ike  n» 
appearance  of  organii  of  which  not  a  Toatige  can  be  detecteiU 
—and  to  these  may  be  added,  in  the  caae  of  animala,  the 
presence  during  youth,  and  sabaequent  diaappearance,  of  ci««* 
tain  charactera  which  occasionally  are  retained  thionghoat 
life.  Some  naturalists  look  at  all  such  abnormal  atmctorea  aa 
a  return  to  the  ideal  atate  of  the  group  to  whioh  the  affscted 
being  belongs ;  but  it  ia  difficult  to  conceive  what  ia  meant  to 
be  conveyed  by  this  czpresaion.  Other  naturaliata  maintain, 
with  greater  probability  and  distinctneaa  of  view,  that  the 
oommon  bond  of  connection  betwejn  the  several  foregoing 
eases  ia  an  actual,  though  partial,  return  to  the  structure  of 
the  ancient  progenitor  of  the  group.  If  this  view  be  correct, 
we  must  believe  thai  a  vast  number  of  characters,  capable  of 
evolution,  lie  hidden  in  every  organic  being.  But  it  would 
be  a  mistake  to  suppose  that  the  number  is  equally  great  in 
all  b^ngs.  We  know,  for  instance,  that  plants  of  many 
<nnders  occasionally  become  peloric ;  but  many  more  cases  have 
becm  observed  in  the  Labiat»  and  Scrophulaiiaoen  than  iu 
any  other  order ;  and  in  one  genus  of  the  Hcrophulariaceie, 
namely  Linaria,  no  less  than  thirteen  species  have  been  de- 
scribed in  this  condition.''^  On  this  view  of  the  nattire  of 
l^eloric  flowers,  and  bearing  in  mind  certain  monstrosities  in 
the  animal  kingdom,  we  most  conclude  that  the  progenitors  of 
most  plants  and  animals  have  left  an  impression,  capable  of 
redevelopment,  on  the  genas  of  their  descendants,  although 
these  have  since  been  profoundly  modified. 

The  feililised  germ  of  one  of  the  higher  animals,  subjected 
as  it  is  to  60  vast  a  series  of  changes  from  the  germinal  cell  to 
old  age, — incessantly  agitated  by  what  Quatrefages  well  calls 
the  tourbillon  vUal, — is  perhaps  the  most  wonderful  object  in 
nature.  It  is  probable  that  hardly  a  change  of  any  kind 
affects  either  parent,  without  some  mark  being  left  on  the 
germ.  But  on  the  doctrine  of  reversion,  as  given  in  this 
chajiter,  the  germ  becomes  a  fax  more  marvellous  object,  for, 
besides   the   visible  changes  which  it  undergoes,  we  must 

n  MoqaiB-Taadon,  <  T^ntologie,'  p.  IM. 
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bolieve  that  it  is  crowded  with  inyiBible  oiharBiTten,  proper  to 
both  sexes,  to  both  the  right  and  left  side  of  the  body,  ana 
to  a  long  line  of  male  and  female  ancestors  separated  by 
hundreds  or  even  thousands  of  generations  from  the  present 
time :  and  these  characters,  like  those  written  on  paper  with 
invisible  ink,  lie  ready  to  be  evolved  whenever  the  or^nisi^ 
tion  is  disturbed  by  certain  known  or  unknown  oanditions. 
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CHAPTEEXIV. 

CfflODUTAXCE    amUnued — FIXEDNESS    OF     CHiLRACTBR — PREP0TEN4:Y 
— SEXUAL  UlllTATION^<X>RRfiSPONDENGE  OF  AGS. 

FTXEDHEBB  OT  CHABAOTEB  AFPABENTLT  NOT  DUB  TO  AnnQUXTT  OF  DfHZRI- 
TANCB-PBEPOTEirCT  09  TRAHBMISSION  IN  INDITIDUALB  OP  THI  SAMS 
FAIOLT,  Of  CB08BED  BBEBD6  AND  SPBOINS ;  OVTBN  ffTBONGBB  IN  ONE 
SEX  THAN  TBS  OTHSB ;  SOJflTniEB  DUE  TO  TBS  SAMB  OHARACTKB 
BEINO  PBESKNT  AND  TXSIBLB  IN  ONE  BBEED  AND  LATENT  IN  THE  OTHER 
— ^INBEBITANCB  AS  LmiTED  BT  SEX— NEWLY-AOQUIBED  CHARACTEB8  IN 
OUB  DOMEBnOATED  ANDfALB  OITEM  TBANSXITTED  BT  ONE  BEX  A1/>NK, 
SOMEmiEB  LOflT  BT  ONE  SEX  ALONE — ^DTHEBITANCB  AT  00BRB8it>NDINa 
PEBIODB  OF  LIFE— THE  IMPOBTANCE  OF  THE  PBINOII'LE  WITH  BE8PECT 
TO  EJIBBTOLOOT ;  AS  EXHIBITED  IN  DOMESTICATED  ANIMALS  .'  AS 
EXKIBITBD  IN  THE  APPEABANGE  AND  DISAPPEABANCB  OF  INHEBITEII 
DISEASES;  SOMBTDCBB  SVPEBTiOnNO  BABLIEB  IN  THE  CHILD  THAN  IN 
7  HE  PABEST— fUMMABT  OF  THE  TBBEB  PBBOEDINO  CHAFTBfiS. 

In  the  last  two  chapten  the  natm-e  and  force  of  Inheritance, 
the  circomfitanceB  which  interfere  with  its  power,  and  the 
tendency  to  Beversion,  with  its  many  remarkable  contingen- 
cies, were  discussed.  In  the  present  chapter  some  other 
rehited  phenomena  will  be  treated  of,  as  folly  as  my  materials 

permit. 

Fixedness  of  Character. 

It  is  a  general  belief  amongst  breeders  that  the  longer  any 
character  has  been  transmitted  by  a  breed,  the  more  folly  it 
will  continue  to  be  transmitted.  I  do  not  wish  to  dispute  the 
truth  of  the  proposition  that  inheritance  gains  strength 
simply  through  long  continuance,  but  I  doubt  whether  it  can 
be  proved.  In  one  sense  the  proposition  is  little  better  than 
a  truism ;  if  any  character  has  remained  constant  during  many 
generations,  it  will  be  likely  to  continue  so,  if  the  conditions 
of  life  remain  the  same.  So,  again,  in  improving  a  breed,  if 
care  be  taken  for  a  length  of  time  to  exclude  all  inferior 
individuals,  the  breed  will  obviously  tend  to  become  truer, 
as  it  will  not  have  been  crossed  during  many  generations  by 
m  inferior  animal.    We  have  previously  seen,  but  without 
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being  abU  to  AARign  any  cause,  that,  when  a  new  oharacter 
appears,  it  is  oonasionally  from  the  first  oonstant,  or  fiactuates 
much,  or  wholly  fails  to  be  transmitted.  So  it  is  with  the 
aggregate  of  slight  differences  which  characterise  a  new 
variety,  for  some  propagate  their  kind  from  the  first  mnch 
truer  than  others.  Even  with  plants  multiplied  by  bulbs, 
layers,  &o.,  which  may  in  one  sense  be  said  to  form  parts  of 
the  same  individual,  it  is  well  known  that  certain  varieties 
retain  and  transmit  through  successive  bud-generations  their 
newly-acquired  characters  more  truly  than  others.  In  none 
of  these,  nor  in  the  following  cases,  does  there  appear  to  be 
any  relation  between  the  force  with  which  a  character  is 
transmitted  and  the  length  of  time  during  which  it  has  been 
transmitted.  Some  varieties,  such  as  white  and  yellow  hya- 
cinths and  white  sweet-peas,  transmit  their  colours  more 
faithfully  than  do  the  varieties  which  have  retained  their 
natural  colour.  In  the  Irish  family,  mentioned  in  the  twelfth 
chapter,  the  peculiar  tortoiseshell-like  colouring  of  the  eyea 
was  transmitted  far  moi*e  faithfully  than  any  ordinary  colour. 
A  neon  and  Mauchamp  sheep  and  niata  cattle,  which  are  all 
comparatively  modem  breeds,  exhibit  remarkably  strong 
powers  of  inheritance.  Many  similar  cases  could  be  adduced. 
As  all  domesticated  animals  and  cultivated  plants  have 
varied,  and  yet  are  descended  from  aboriginally  wild  forms, 
which  no  doubt  had  retained  the  same  character  from  an 
immensely  remote  epoch,  we  see  that  scarcely  any  degree  of 
antiquity  ensures  a  character  being  transmitted  perfectly 
true.  ]n  this  case,  however,  it  may  be  said  that  changed 
conditions  of  life  induce  certain  modifications,  and  not  that 
the  power  of  inheritance  fails ;  but  in  every  case  of  failure, 
some  cause,  either  internal  or  external,  must  interfere.  It 
will  generally  be  found  that  the  organs  or  parts  which  in 
our  domesticated  productions  have  varied,  or  which  still 
continue  to  vary, — that  is,  which  fail  to  retain  their  former 
state, — are  the  same  with  the  parts  which  differ  in  the  natural 
species  of  the  same  genus.  As,  on  the  theory  of  descent  with 
modification,  the  species  of  the  same  genus  have  been  modified 
since  they  branched  off  from  a  common  progenitor,  it  follows 
that  the  characters  by  which  they  differ  from  one  another 
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kave  Taried,  whilst  other  part«  of  the  organisation  have  re* 
mained  nnchanged ;  and  it  might  be  argued  that  these  samd 
characters  now  vary  nnder  domestication,  or  fail  to  be  in- 
herited, from  their  lesser  antiquity.  But  variation  in  a  state 
of  nature  seems  to  stand  in  some  close  relation  with  changet! 
conditions  of  life,  and  characters  which  have  already  varieil 
under  such  conditions  would  be  apt  to  vary  under  the  still 
greater  changes  consequent  on  domestication,  independently 
of  their  greater  or  less  antiquity. 

Fixedness  of  character,  or  the  strength  of  inheritance,  has 
often  been  judged  of  by  the  preponderance  of  certain  charac- 
ters in  the  crossed  oflfispring  between  distinct  races;  but 
prepotency  of  transmission  here  comes  into  play,  and  this,  as 
we  sliall  immediately  see,  is  a  very  different  consideration 
from  the  strength  or  weakness  of  inheritance.^  It  has  often 
been  observed  that  breeds  of  animals  inhabiting  wild  and 
mountainous  countries  cannot  be  permanently  modified  by 
our  improved  breeds;  and  as  these  latter  are  of  modern 
origin,  it  has  been  thought  that  the  greater  antiquity  of  Iho 
wilder  breeds  has  been  the  cause  of  their  resistance  to  im- 
provement by  crossing ;  but  it  is  more  probably  due  to  their 
structure  and  constitution  being  better  adapted  to  the  sur- 
rounding conditions.  When  plants  are  first  subjected  to 
culture,  it  has  been  found  that,  during  several  generations, 
they  transmit  their  characters  truly,  that  is,  do  not  vary,  and 
this  has  been  attributed  to  ancient  characters  being  strongly 
inherited:  but  it  may  with  equal  or  greater  probability  be 
consequent  on  changed  conditions  of  life  requiring  a  long 
time  for  their  cumulative  action.  Notwithstanding  these 
considerations,  it  would  perhaps  be  rash  to  deny  that  charHC- 
ters  become  more  strongly  fixed  the  longer  they  are  trans- 
mitted ;  but  I  believe  that  the  proposition  resolves  itself  into 
this, — that  characters  of  all  kinds,  whether  new  or  old,  tend 
to  be  inherited,  and  that  those  which  have  already  withstooil 
all  counteracting  influences  and  been  truly  transmitted,  wi  1, 
as  a  general  rule,  continue  to  withstand  them,  and  conse- 
quently be  faithfully  inherited. 

>  iS^  Tonatt  on  Cattle,  pp.  92,  69,      p.  325.     Also  Dr.  Lacaa,  *  I.*IUr^< 
78,  88,  163 ;  and  Yoaatt  oa  Sh««p,      Nat./  torn.  ii.  p.  310. 
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Prepotency  in  the  Tratumisnon  of  Ckaraeter, 

When  iiidividnals,  belonging  to  the  same  family,  but 
distinct  enough  to  be  recognised,  or  when  two  well-marked 
races,  or  two  species,  are  crossed,  the  usual  result,  as  stated 
in  the  previous  chapter,  is,  that  the  offspring  in  the  first 
generation  are  intermediate  between  their  parents,  or  resemble 
one  parent  in  one  part  and  the  other  parent  in  another  part. 
But  this  is  by  no  means  the  invariable  rule ;  for  in  many 
cases  it  is  found  that  certain  individuals,  races,  and  species, 
are  prepotent  in  transmitting  their  likeness.  This  subject 
has  been  ably  discussed  by  Prosper  Lucas,'  but  is  rendered 
extremely  complex  by  the  prepotency  sometimes  running 
equally  in  both  sexes,  and  sometimes  more  strongly  in  one 
sex  than  in  the  other;  it  is  likewise  complicated  by  the 
presence  of  secondary  sexual  characters,  which  render  the 
comparison  of  crossed  breeds  with  their  pai-ents  difficult. 

It  would  appear  that  in  certain  families  some  one  ancestor, 
and  after  him  others  in  the  same  family,  have  had  great 
power  in  transmitting  their  likeness  through  the  male  line ; 
for  we  cannot  otherwise  understand  how  the  same  features 
should  so  often  be  transmitted  after  marriages  with  many 
females,  as  in  the  case  of  the  Austrian  Emperors ;  and  so  it  was, 
according  to  Kiebuhr,  with  the  mental  qualities  of  certain 
Roman  families.^  The  famous  bull  Favourite  is  believed  ^ 
to  have  had  a  prepotent  influence  on  the  short-horn  race.  It 
has  also  been  observed  ^  with  English  i*ace-horses  that  certain 
mares  have  generally  ti-ansmitted  their  own  character,  whiibi 
other  mares  of  equally  pure  blood  have  allowed  the  character 
of  the  sire  to  prevail.  A  famous  black  greyhound,  Bedlamite, 
as  I  hear  from  Mr.  C.  M.  Brown  "invariably  got  all  his 
"  puppies  black,  no  matter  what  was  the  colour  of  the  bitch  ;** 
but  then  Bedlamite  "  had  a  preponderance  of  black  in  his 
^  blood,  both  on  the  sire  and  dam  side." 


•  <H^r^.  Nat.,'  torn.  ii.  pp.  112-  270. 

no,  *  Mr.  N.  H.  Smith,  *  Obserraticu 

*  Sir    H.   Holland,   'Chroters    on  on  Breeding,*  quoted  in  *  Encjclop.  ol 
jlmUl  Physiology,'  1852,  j  '234.  Rural  Sports,'  p.  278. 

«  *  Gardener'^  Chronkia,    1880,  p. 
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The  tniifa  of  the  pnoaijfie  of  prepotency  conies  oat  more  dearly 
when  distinct  races  are  dossecL  The  improyed  Short-horns,  not- 
withstanding that  the  breed  is  comparatively  modem,  are  generally 
acknowledged  to  possess  great  power  in  impressing  thdr  likeness 
on  all  other  hteeoB;  and  it  is  chiefly  in  oopseanence  of  this  power 
that  they  are  so  highly  valned  for  exportation.*  Godine  has  given 
a  cnrions  case  of  a  ram  of  a  goat-like  breed  of  sheep  from  the  Cape 
of  Good  Hope,  which  prodnced  oflisining  hardly  to  be  distingnished 
from  himself,  when  crossed  with  ewes  of  twelve  other  breeds.  Bnt 
two  of  these  half-bred  ewes,  when  put  to  a  merino  ram,  produced 
lambs  closely  resembling  the  merino  oreed.  Giron  de  Bnzareingnes  ^ 
found  that  of  two  races  of  French  sheep  the  ewes  of  one,  when 
crossed  during  successive  generations  with  merino  rams,  yielded 
up  their  character  far  sooner  than  the  ewes  of  the  other  race. 
Sturm  and  Girou  have  given  analogous  cases  with  other  breeds  uf 
sheep  and  with  cattle,  the  prepotency  running  in  these  cases 
through  the  male  side ;  but  1  was  assured  on  good  authority  in 
South  America,  that  when  niata  cattle  are  crossed  with  common 
cattle,  though  the  niata  breed  is  prepotent  whether  males  or  females 
are  used,  yet  that  the  prepotency  is  strongest  through  the  female 
line.  The  Manx  cat  is  tailless  and  has  long  hind  legs ;  Dr.  WilRon 
crossed  a  male  Manx  with  common  cats,  and,  out  of  twenty-three 
kittens,  seventeen  were  destitute  of  tails;  but  when  tiie  female 
Manx  was  crossed  by  common  male  cats  ill  the  kittens  had  tails, 
though  they  were  generally  short  and  imperfect.* 

In  making  reciprocal  crosses  between  pouter  and  fantail  pigeons, 
the  pouter-race  seemed  to  be  prepotent  through  both  i>exes  over 
the  fantaiL  But  this  is  probably  due  to  weak  power  in  the  fantail 
ratiier  than  to  any  xmusnally  stiong  power  in  the  pouter,  for  I  have 
observed  that  barbs  also  preponderate  over  fantails.  This  weak- 
ness of  transmission  in  the  fantail,  though  the  breed  is  an  ancient 
one,  is  said*  to  be  general;  but  I  have  observed  one  exception  to 
the  rule,  namely,  in  a  cross  between  a  fantail  and  laugher.  The 
most  curious  instance  known  to  me  of  weak  power  in  both  sexes  is 
in  the  trumpeter  pigeon.  This  breed  has  been  well  known  for  at 
least  130  years:  it  breeds  perfectly  true,  as  I  have  been  assured  by 
those  who  have  long  kept  many  birds:  it  is  characterised  by  a 
pecidiar  tuft  of  feathers  over  the  beak,  by  a  crest  on  the  head,  by 
a  singular  coo  quite  unlike  that  of  any  other  breed,  and  by  much- 
feathered  feet  I  have  crossed  both  sexes  with  turbits  of  two  sub- 
breeds,  with  almond  tumblers,  spots,  and  runts,  and  reared  many 
mongrels  and  recrossed  them ;  and  though  the  crest  on  the  bead 


•Quoted    by  Broun,  < Geschichte  p.  112. 

ier  Natur/  b.  ii.  ■.  170.     See  Sturm,  "  Mr.  Orton,  'Physiology  of  Breed- 

'  Ueb^r    Racen,'    1825,    s.    104-107.  ing/  1855,  p.  9. 

For  the  niata  cattle,  tee  my  '  Journal  *  Boitard  and  Corbi^,  'Lee  PtgeoaV 

of  KenearcheV  1B45,  p.  14d.  1824,  p.  224 

'  Lucas,  *VHixidit4  Nat./  torn,  iu 
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end  feathered  feet  were  inherited  (as  is  generally  the  case  witb 
most  broedR),  1  have  never  seen  a  vedtige  of  the  tuft  orer  the  beak 
or  beard  the  peculiar  ooo.  Boitard  and  Gorbi^  ^®  assert  that  this  is 
the  invariable  result  of  crossing  trumpetei-s  with  other  breeds: 
Neumeister/^  howeyer,  states  that  in  Germany  mongrels  hare  been 
obtained,  though  very  rarely,  which  were  furnished  with  the  tuft 
and  would  trumpet:  but  a  pair  of  the^e  mongrels  with  a  tuft, 
which  I  imported,  never  trumpeted.  Mr.  Brent  states "  that  the 
crossed  o&pring  of  a  trumpeter  were  crossed  with  trumpeters  for 
three  generations,  by  which  time  the  mongrels  had  7'8ths  of  this 
blood  in  their  veins,  yet  the  tuft  over  the  beak  did  not  appear.  At 
the  fourth  generation  the  tuft  appeared,  but  the  birds  though  now 
liaving  15-i6ths  trumpeter's  blood  still  did  not  trumpet.  This 
case  well  shows  the  wide  difference  between  inheritance  and  pre- 
potency; for  here  we  have  a  well-established  old  race  which 
transmits  its  characters  faithfully,  but  which,  when  crossed  with 
any  other  race,  has  the  feeblest  power  of  transmitting  its  two  chief 
characteristic  qualities. 

I  will  give  one  other  instance  with  fowls  and  pigeons  of  weakness 
and  strength  in  the  transmission  of  the  same  character  to  their 
crossed  offspring.  The  Silk-fowl  breeds  true,  and  there  is  reason 
to  believe  is  a  very  ancient  race ;  but  when  I  reared  a  largo  number 
of  mongrels  from  a  Silk-hen  by  a  Spanish  cock,  not  one  exhibited 
even  a  trace  of  the  so-called  silkinoss.  Mr.  Hewitt  also  abserts  that 
in  no  instance  are  the  silky  feathers  transmitted  by  this  breed  when 
crossed  with  any  other  variety.  But  three  birds  out  of  many  raised 
by  Mr.  Orton  from  a  ci*06S  between  a  silk-cock  and  a  bantam-hen 
had  silky  feathers.^  So  that  it  is  certain  that  this  breed  very 
seldom  has  the  power  of  transmitting  its  peculiar  plumage  to  its 
crossed  progeny.  On  the  other  hand,  there  is  a  silk  sub- variety 
of  the  fantail  pigeon,  which  has  its  feathers  in  nearly  the  same 
state  as  in  the  Silk-fowl :  now  we  have  already  seen  that  fantails, 
when  crossed,  possess  singularly  weak  power  in  transmitting  their 
general  qualities;  but  the  silk  sub- variety  when  crossed  with 
any  other  small-sized  race  invariably  transmits  its  silky  feathers !  ^* 

The  well-known  horticulturist,  Mr.  Paul,  informs  roe  that  he 
fertilised  the  Black  Prince  hollyhock  with  pollen  of  the  White 
Globe  and  the  Lemonade  and  Black  Prince  hollyhocks  reciprocally; 
but  not  one  seedling  from  these  three  crosses  inherited  the  black 
colour  of  the  Black  Prince.  So,  sgaln,  Mr.  Laxton,  who  has  had 
such  great  experience  in  crossing  peas,  writes  to  me  that  "  when- 
"  ever  a  cross  has  been  effected  between  a  white-blossomed  and  a 
"  purple  blossomed  pea,  or  between  a  white-seeded  and  a  purplo- 
'*  spotted,  brown  or  maple-seeded  pea,  the  offspring  seems  to  lose 


^  <Le8  Pigeons,'  pp.  168,  19a  Mr.  Hewitt,  in  'The  Poultry  Book, 

"  *  Das  OansV  &c.,  1837,  s.  39.  by  Tegetmeier,  1866,  p.  224. 

»  '  The  Pigeon  Book/  p.  46.  ^*  Boitard  and  CorUi,  'Les  Pigcona, 

"  *  Physiology  of  Breeding,'  p.  22 ;  1824,  p.  22^ 
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"  Dearly  all  the  characteristics  of  the  white-flowered  and  white* 
"  seeded  Tarieties ;  and  this  result  follows  whether  these  yarieties 
'*  hayo  been  used  as  the  pollen-bearing  or  seed-producing  parents/' 
The  law  of  prepotency  comes  into  action  when  species  are  crossed, 
as  with  races  ana  individnals.  Gartner  has  nncqniyocally  shown  ^' 
that  this  is  the  case  with  plants.  To  giye  one  instance :  when 
Sicotiana  pxnicuJata  and  vinccejiora  are  crossed,  the  character  of 
/f.  potninUaia  is  almost  completely  lost  in  the  hybrid ;  bnt  if  iV. 
quadrivaivn  be  crossed  witn  JS.  vivccRflora,  this  latter  species, 
which  was  before  so  prepotent,  now  in  its  tnm  almost  disappears 
nnder  the  power  of  A',  quadrivalvis.     It  is  remarkable  that  the 

Srepotency  of  one  species  oyer  another  in  transmission  is  quite  in- 
ependent)  as  shown  by  Gartner,  of  the  greater  or  loss  facility  with 
which  the  one  fertilises  the  other. 

With  animals,  the  jackal  is  prepotent  oyer  the  dog,  as  is  stated 
by  Flourens,  who  made  many  crosses  between  these  animals ;  and 
this  was  likewise  the  case  with  a  hybrid  which  I  once  saw  between 
a  jackal  and  a  terrier.  I  cannot  doubt,  from  the  observations  of 
Colin  and  others,  that  the  ass  is  prepotent  oyer  the  horse ;  the  pre- 
potency in  this  instance  running  more  strongly  through  the  male 
than  through  the  female  ass ;  so  that  the  mule  resembles  the  ass 
more  closely  than  does  the  hinny.'*  The  male  pheasant,  judging 
from  Mr.  Hewitt's  descriptions,**  and  from  the  hybrids  which  I 
haye  seen,  preponderates  oyer  the  domestic  fowl ;  but  the  latter,  as 
fiir  as  colour  is  concerned,  has  considerable  power  of  transmission. 


"  *Bastarderzeagung,'8.  256,  290, 
lie  Nandin  (*  Nourelles  Archives  du 
VLnainmy  torn.  i.  p.  149)  gives  a 
striking  instance  of  prepotency  in 
Datura  atramonium  when  crossed  with 
two  other  species. 

"  Flourens,  '  Long^viUS  Hnmaino,' 
p.  144,  on  crossed  jackals.  With 
respect  to  the  difference  between  the 
mnle  and  the  hiuny,  1  am  aware  that 
this  has  generally  been  attributed  to 
the  sire  and  dam  transmitting  their 
characters  differently;  but  Colin, 
who  has  given  in  his  *  Traits  Phys. 
Comp.,'  torn.  ii.  pp.  537-539,  the 
inllest  description  which  I  hare  met 
with  of  these  reciprocal  hybrids,  is 
strongly  of  opinion  that  the  ass  pre- 
ponderates in  both  crosses,  but  in  an 
mnequal  degree.  This  is  likewise  the 
eonclusioB  of  Flourens,  and  of  Bech- 
stein  in  his  *■  Naturgeschichte  Dentsch- 
landa,'  K  i.  s.  294.  The  Uil  of  the 
kiany  is  much  more  like  that  of  the 
korse  than  is  the  tail  of  the  mole^ 


and  this  is  generally  accounted  for 
by  the  males  of  both  species  trans- 
mitting with  greater  power  this  part 
of  their  structure ;  but  a  compound 
hybrid  which  1  saw  in  the  Zoological 
Gardens,  from  a  mare  by  a  hybrid 
ass-zebra,  closely  resembled  its  mother 
in  its  tail. 

"  Mr.  Hewitt,  who  has  had  such 
great  experience  in  raising  these 
hybrids,  savs  (*  Poultry  Book,'  by 
Mr.  Tegetmeier,  18o6,  pp.  165-167) 
that  in  all,  the  head  was  destitute  or 
wattles,  comb,  and  ear-lappets ;  and 
all  closely  resembled  the  pheasant  in 
the  shape  of  the  tail  and  general  con- 
tour of  tha  body.  These  hybrids 
were  raised  from  hens  of  several 
breeds  by  a  cock-pheasant;  but 
another  hybrid,  described  by  Mr. 
Hewitt,  was  raised  from  a  hen- 
pheasant,  by  a  silver-laced  Bantam 
cock,  and  this  possessed  a  ludimeatal 
comb  and  wattlei 
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for  hybrids  raised  from  five  differently  oolooi'ed  bens  differed 
greatly-  in  plumage.  I  formerly  examined  some  carious  hybrids  in 
the  Zoological  (hardens,  between  the  Penguin  variety  of  the  com- 
mon duck  and  the  Kggrptian  goose  (Anser  cegyptiacus) ;  and  al- 
though I  will  not  assert  that  the  domesticated  variety  prepon- 
derated over  the  natural  species,  yet  it  had  strongly  impressed  its 
unnatural  upright  figure  on  these  hybrids. 

I  am  aware  that  such  cases  as  the  for^^ing  have  been  ascribed 
by  various  authors,  not  to  one  species,  race,  or  individual  beiuR 
prepotent  over  the  other  in  impressing  its  character  on  its  crossed 
ofifopring,  but  to  such  rules  as  that  the  father  influences  the  ex- 
ternal characters  and  the  mother  the  internal  or  vital  organs.  But 
the  great  diversity  of  the  rules  given  by  various  authors  almost 
proves  their  fiBilseness.  Dr.  Prosper  Lucas  has  fully  discussed  this 
point,  and  has  shown  "  that  none  of  the  rules  (and  I  could  add 
others  to  those  quoted  by  him)  apply  to  all  animals.  Similar  rules 
have  been  announced  for  plants,  and  have  been  proved  by  Gartner  " 
to  be  all  erroneous.  If  we  confine  our  view  to  the  domesticated 
races  of  a  single  species,  or  perhaps  even  to  the  species  of  the  same 
genus,  some  such  rules  may  hold  good ;  for  instance,  it  seems  that 
in  reciprocally  crossing  various  breeds  of  fowls  the  male  generally 
gives  colour;**  but  conspicuous  exceptions  have  passed  under  my 
own  eyes.  It  seems  that  the  ram  usually  gives  its  peculiar  homa 
and  fleece  to  its  crossed  oflbpring,  and  the  bull  the  presence  or 
absence  of  horns. 

In  the  following  chapter  on  Grossing  I  shall  have  occasion  to 
show  that  certain  characters  are  rarely  or  never  blended  by  cross- 
ing, but  are  transmitted  in  an  unmodified  state  from  either  parent- 
form  ;  I  refer  to  this  fact  here  because  it  is  sometimes  accompanied 
on  the  one  side  by  prepotency,  which  thus  acquires  the  false 
appearance  of  unusual  strength.  In  the  same  chapter  I  shall 
show  that  the  rate  at  which  a  species  or  breed  absorbs  and  ob- 
literates another  by  repeated  crosses,  depends  in  chief  part  on 
prepotency  in  transnussion. 

In  conclusion,  some  of  the  cases  above  given, — for  instance, 
that  of  the  trumpeter  pigeon, — prove  that  there  is  a  vride 
difference  between  mere  inheritance  and  prepotency.  This 
latter  power  seems  to  us,  in  our  ignorance,  to  act  in  most  cases 
quite  capriciously.  The  very  same  character,  even  though 
it  be  an  abnormal  or  monstrous  one,  such  as  silky  feathers, 
may  be  transmitted  by  different  species,  when  crossed,  either 
with  prepotent  force  or  singular  feebleness.    It  ib  obvious, 

>•  'VHMd.  Nat.,'  torn.  U.  book  ii  Museum,'  torn.  i.  p.  148)  has  arrived 

ch.  i.  at  a  similar  conclasion. 

"  *  Bastarderzeugmig,' 8.  264-266.  *•  *CotUge  Gardener,'   1856,  pp 

NaadiB     (*  Nouveilei     Archives    da  '  01,  137. 
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that  a  pturely-brod  form  of  either  aes,  in  all  caaea  in  which 
prepotency  does  not  run  more  strongly  in  one  sex  than  the 
other,  will  ti'ansmit  its  character  with  prepotent  force  over 
a  mongreliaed  and  already  variable  form.^^  From  sereral  of 
the  above-given  cases  we  may  conclude  that  mere  antiquity 
of  character  does  not  by  any  means  necessarily  make  it  pre- 
potent. In  some  cases  prepotency  apparently  depends  on  the 
same  character  being  present  and  visible  in  one  of  the  two 
breeds  which  are  crossed,  and  latent  or  invisible  in  the  other 
breed ;  and  in  this  case  it  is  natural  that  the  character  which 
h  potentially  present  in  both  breeds  should  be  prepotent. 
Thus,  we  have  reason  to  believe  that  there  is  a  latent  ten- 
dency in  all  horses  to  be  dun-coloured  and  striped;  and 
when  a  horse  of  this  kind  is  crossed  with  one  of  any  other 
colour,  it  is  said  that  the  offspring  are  almost  sure  to  be 
striped.  Sheep  have  a  similar  latent  tendency  to  become 
dark-coloured,  and  we  have  seen  with  what  prepotent  force 
a  3-am  with  a  few  black  spots,  when  crossed  with  white  sheep 
of  various  breeds,  coloured  its  offspring.  All  pigeons  have  a 
latent  tendency  to  become  slaty-blue,  with  certain  chamcter- 
istic  marks,  and  it  is  known  that,  when  a  bird  thus  coloured 
is  crossed  with  one  of  any  other  colour,  it  is  most  difficult 
afterwards  to  eradicate  the  blue  tint.  A  nearly  parallel  case 
is  offered  by  those  black  bantams  which,  as  they  grow  old, 
develope  a  latent  tendency  to  acquire  red  feathers.  But 
there  Hre  exceptions  to  the  rule :  hornless  breeds  of  cattle 
possess  a  latent  capacity  to  reproduce  horns,  yet  when  crossed 
with  homed  breeds  they  do  not  invariably  produce  offspring 
bearing  horns. 

We  meet  with  analogous  cases  with  plants.  Striped  flowers, 
though  they  can  be  propagated  truly  by  seed,  have  a  latent 
tendency  to  become  uniformly  coloured,  but  when  once  crossed 
cy  a  uniformly  coloured  variety,  they  ever  afterwards  fail  to 

*^  iSw  some  remarks  on  thb  head  between   English  and   iTench  sheep^ 

with  respect  to  sheep  hj  Mr.  Wilson,  He     fonnd    that     he    obtained    the 

in  *  Gardener's  Chronicle,'  1863,  p.  15.  desired  influence  of  the  English  breeds 

Hanj  striking  instances  of  this  result  by  crossing  intentionally  mongrelised 

are    given     hj    M.    Malingie-Nonel  French    breeds    with    pare    Englisll 

(*  Joum.  B.  Agricnlt.  Soc,'  toI.  xiv.  breeds. 
M3y  p.  330)  with  respect  to  cnwws 
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produce  striped  seedlings.^^  Another  caae  is  in  some  respects 
more  ciirioiis :  plants  bearing  peloric  flowers  have  so  strong 
a  latent  tendency  to  reproduce  their  normally  irregular 
flowers,  that  this  often  occurs  by  buds  when  a  plant  is  trans- 
planted into  poorer  or  richer  soil.^  Now  I  crossed  the  peloric 
snapdragon  {Antirrhinum  maju8\  described  in  the  last  chapter, 
with  pollen  of  the  common  form ;  and  the  latter,  reciprocally, 
with  peloric  pollen.  I  thus  raised  two  great  beds  of  seed- 
lings, and  not  one  was  peloric.  Naudin  ^  obtained  the  same 
result  from  crossing  a  peloric  Linaria  with  the  common  form. 
I  carefully  examined  the  flowers  of  ninety  plants  of  the 
crossed  Antirrhinum  in  the  two  beds,  and  their  structure  had 
not  been  in  the  least  affected  by  the  cross,  'except  that  in  a 
few  instances  the  minute  rudiment  of  the  fifth  stamen,  which 
is  always  present,  was  more  fully  or  even  completely  de- 
veloped. It  must  not  be  supposed  that  this  entire  obliteration 
of  the  peloric  structure  in  the  crossed  plants  can  be  accounted 
for  by  any  incapacity  of  transmission ;  for  I  raised  a  large 
bed  of  plants  from  the  peloiic  Antirrhinum,  artificially  fer- 
tilised by  its  own  pollen,  and  sixteen  plants,  which  alone 
survived  the  winter,  were  all  as  perfectly  peloric  as  the 
parent-plant.  Here  we  have  a  good  instance  of  the  wide  dif- 
ference between  the  inheritance  of  a  character  and  the  power 
of  transmitting  it  to  crossed  offspring.  The  crossed  plants, 
which  perfectly  resembled  the  common  snapdragon,  were 
allowed  to  sow  themselves,  and  out  of  a  hundred  and  twenty- 
seven  seedlings,  eighty-eight  proved  to  be  common  snap- 
dragons, two  were  in  an  intermediate  condition  between  the 
peloric  and  normal  state,  and  thirty-seven  were  perfectly 
peloric,  having  reverted  to  the  structure  of  their  one  grand- 
parent. This  case  seems  at  first  sight  to  offer  an  exception 
to  the  rule  just  given,  namely,  that  a  character  which  is 
present  in  one  form  and  latent  in  the  other  is  generally 
transmitted  with  preix>tent  force  when  the  two  forms  are 
crossed.  For  in  all  the  ScrophulariaceaB,  and  especially  in 
the  genera  Antirrhinum  and  Linaria,  there  is,  as  was  shown 

"  Verlot,  <  D«i  Van6t««/  1865,  p.  66. 

**  MoiiuiD-TanioDf  *  Teratologie,'  p.  191. 

^  *  liottvelles  Ardiiye^t  du  Miueam,'  torn.  L  p.  137. 
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in  the  last  cluipter,  a  strong  latent  tendeno}*  to  beooma 
pelorio ;  but  there  is  also,  as  we  haye  seen,  a  still  stronger 
tendency  in  all  pelorio  plants  to  reaoqnire  their  normal 
irregular  structure.  So  that  we  have  two  opposed  latent 
tendencies  in  the  same  plants.  Kow,  with  the  crossed 
Antirrhinums  the  tendency  to  produce  normal  or  irregular 
flowers,  like  those  oi  the  common  Snapdragon,  prevailed  in 
the  first  generation;  whilst  the  tendency  to  pelorism,  ap- 
pearing to  gain  strength  by  the  intermission  of  a  generation, 
prevailed  to  a  large  extent  in  the  second  set  of  seedlings. 
How  it  is  possible  for  a  character  to  gain  strength  by  the 
intermission  of  a  generation,  will  be  considered  in  the  chapter 
on  pangenesis. 

On  the  whole,  the  subject  of  prepotency  ia  extremely  intri- 
cate,— ^from  its  varying  so  much  in  strength,  even  in  regard 
to  the  same  character,  in  different  animals, — from  its  running 
either  equally  in  both  sexes,  or,  as  frequently  is  the  case  with 
animals,  but  not  with  plants,  much  stronger  in  one  sex  than 
the  other, — from  the  existence  of  secondary  sexual  charac- 
ters,— ^from  the  transmission  of  certain  characters  being 
limited,  as  we  shall  immediately  see,  by  sex, — from  certain 
characters  not  blending  together, — and,  perhaps,  occasionally 
from  the  effects  of  a  previous  fertilisation  on  the  mother. 
It  is  therefore  not  surprising  that  no  one  has  hitherto 
succeeded  in  drawing  up  general  rules  on  the  subject  oi 
prepotency. 

Inheritance  as  limited  by  Sex. 

New  characters  often  appear  in  one  sex,  and  are  afterwards 
transmitted  to  the  same  sex,  either  exclusively  or  in  a  much 
greater  degree  than  to  the  other.  This  subject  is  important, 
because  with  animals  of  many  kinds  in  a  state  of  nature,  both 
high  and  low  in  the  scale,  secondary  sexual  characters,  not 
directly  connected  with  the  organs  of  reproduction,  are  con- 
spicuously present.  With  our  domesticated  animals,  character^ 
of  this  kind  often  differ  widely  from  those  distinguishing  the 
two  sexes  of  the  parent  species ;  and  the  principle  of  inheri* 
tance,  as  limited  by  sex,  explains  how  this  is  possible. 


48  INHEBITANOS.  Obap.  XIT 

Dr.  P.  Lucas  has  shown **  that  when  a  pecnliarity,  in  no  manner 
connected  with  the  reproductive  organs,  appcHEirs  in  either  parent, 
it  is  often  transmitted  exclusively  to  the  of»pring  of  the  same  sex] 
or  to  a  much  greater  number  of  them  than  of  the  opposite  sex. 
Thus,  in  the  family  of  Lambert,  the  homelike  projections  on  the 
skin  were  transmitted  from  the  fiither  to  his  sons  and  grandsons 
alone;  so  it  has  been  with  other  oases  of  ichthyosis,  with  super- 
numerary digits,  with  a  deficiency  of  digits  and  phidangee,  and  in  a 
lesser  degree  with  various  diseases,  especially  with  colour-blindness 
and  the  hsmorrhagio  diathesis,  that  is,  an  extreme  liability  to  profuse 
and  uncontrollable  bleeding  from  trifling  wounds.  On  the  other 
hand,  mothers  have  transmitted,  during  several  generations,  to  their 
daughters  alone,  su]3emumerary  and  deficient  digits,  colour-blindness 
and  other  peculiarities.  So  that  the  very  same  peculiarity  may 
become  attaced  to  either  sex,  and  be  long  inherited  by  that  sex 
alone ;  but  the  attachment  in  certain  cases  is  much  more  frequent 
to  one  than  the  other  sex.  The  same  peculiarities  also  may  be 
promiscuously  transmitted  to  either  sex«  Dr.  Lucas  gives  other 
eases,  showing  that  the  male  occasionally  transmits  his  peculiarities 
to  his  daughters  alone,  and  the  mother  to  her  sons  alone;  but  even 
in  this  case  we  see  that  inheritance  Is  to  a  certain  extent,  though 
inversely,  regpilated  by  sex.  Dr.  Lucas,  after  weighing  the  whole 
evidence,  comes  to  the  conclusion  that  every  peculiarity  tends  to 
be  tran8mitted  in  a  greater  or  lesser  degree  to  that  sex  in  which  it 
first  appears.  But  a  more  definite  rule,  as  I  have  elsewhere  shown,** 
generally  holds  good,  namely,  that  variations  which  first  appear  in 
either  sex  at  a  late  period  of  lifiD,  when  the  reproductive  functions 
are  active,  tend  to  be  developed  in  that  sex  alone ;  whilst  variations 
which  first  appear  early  in  lit(3  in  either  sex  are  commonly  trans- 
mitted to  both  sexes.  I  am,  however,  far  from  supposing  that  this 
is  the  sole  determining  cause. 

A  few  details  from  the  man^  cases  collected  by  Mr.  Sedgwick,'' 
may  be  here  given.  Golour-blmdness,  from  some  unbiown  cause, 
shows  itself  much  oftener  in  males  than  in  females ;  in  upwards  of 
two  hundred  cases  collected  by  Mr.  Sedgwick,  nine-tenths  related 
to  men ;  but  it  is  eminently  liable  to  be  transmitted  through  women. 
In  the  case  given  by  Dr.  Earle,  members  of  eight  related  families 
were  afifectod  during  five  generations:  these  families  consistel  of 
sixty-one  individuals,  namely,  of  thirty-two  males,  of  whom  nine- 
sixteenths  were  incapable  of  distinguishing  colour,  and  of  twenty- 
nine  females,  of  whom  only  one-fifteenth  were  thus  affected. 
Although  colour-blindness  thus  generally  clings  to  the  male  sex. 


**  <  L'H^red.  Nat^  torn.  ii.  pp.  137-  •^  On  Sexual  LimiUtion  in  Heredi« 

1*33.      £^,  also,  Mr.  Sedgwick*8  four  tary  Diseases,  <Brit.  anl  For.  Med.  • 

memoirs,  immediately  to  be  referred  Chirurg.  ReTiew,' April  1861,  p.  477; 

to.  July,  p.  198 ;  April  1863,  p.  445 ;  and 

*■*  *  Descent  of  Man,*  2nd  edit,  p.  July,  p.  159.    Also  in  1867,  'On  the 

32.  influence  of  Age  in  Hereditary  Di^asc.' 
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OBTerthelcGS,  in  one  instance  in  which  it  first  appeared  in  a  female, 
it  was  tiunsmiited  during  five  generations  to  thirteen  individualHy 
all  of  wlioni  were  females.  The  hemorrhagic  diathesis,  often  accom* 
paaied  by  rheumatism,  has  been  known  to  affect  the  males  aloo« 
dnring  five  generations,  being  tmusmitted,  however,  through  the 
females.  It  is  Miid  that  deficient  phalanges  in  the  fingers  have 
been  inherited  by  the  females  alone  during  ten  generations.  In 
a&other  case,  a  man  thus  deficient  in  lK>th  hands  and  feet,  trans^ 
mitted  the  peculiarity  to  his  two  Bons  and  one  daughter ;  but  in 
the  third  generation,  out  of  nineteen  grandchildren,  twelve  sons 
had  the  &miiy  defect,  whilst  the  seven  daughters  were  free.  In 
ordinary  casts  of  sexual  limitation,  the  sons  or  daughters  inherit 
the  peculiarity,  whatever  it  may  be,  from  their  father  or  mother, 
and  transmit  it  to  their  children  of  the  same  sex;  but  generally 
with  the  hnmorrhagic  diathesis,  and  often  with  colour-biindness, 
and  in  some  other  cases,  the  sons  never  inherit  the  peculiarity 
directly  from  their  fathers,  but  the  daughters  alone  transmit  the 
latent  tendency,  so  that  the  sons  of  the  daughters  alone  exhibit  it. 
Thus  the  fiBitL^r,  grandson,  and  great-great-srandson  will  exhibit  a 
peculiarity, — the  grandmother,  daugliter,  and  great-grand-daughter 
having  transmitted  it  in  a  latent  state.  Hence  we  have,  as  Mr. 
Sedgwick  remarks,  a  donble  kind  of  atavism  or  reversion;  each 
grandson  apparently  receiving  and  developing  the  peculiarity  from 
his  grandfather,  and  each  daughter  apparently  receiving  the  latent 
tendency  from  her  grandmother. 

From  the  various  facts  recorded  by  I>r.  Prosper  Lucas,  Mr. 
Sedgwick,  and  others,  there  can  be  no  doubt  that  peculiarities  first 
appearing  in  either  sex,  though  not  in  any  way  necessarily  or 
invariably  connected  with  that  sex,  strongly  tend  to  be  inherited  by 
the  of&pring  of  the  same  sex,  but  are  often  transmitted  in  a  latent 
state  through  the  opposite  sex. 

Turning  now  to  domesticated  animals,  we  find  that  certain 
cluaacters  not  proper  to  the  parent  species  arc  often  confined  to, 
and  inherited  by,  one  sex  alone ;  but  we  do  not  know  the  history 
of  the  first  appearance  of  such  characters.  In  the  chapter  on  Sheep, 
we  have  seen  that  the  males  of  certain  races  differ  greatly  from 
the  females  in  the  shape  of  their  horns,  these  being  absent  in  the 
ewes  of  some  breeds ;  they  differ  also  in  the  development  of  fat  in 
the  tail  and  in  the  outline  of  the  forehead.  These  differences, 
judging  from  the  character  of  the  allied  wild  species,  cannot  be 
accounted  for  by  supposing  that  they  have  been  derived  from 
distinct  parent  forms.  There  is,  also,  a  great  diffierence  between 
the  horns  of  the  two  sexes  in  one  Indian  breed  of  goats.  The  bull 
lebu  is  said  to  have  a  larger  hump  than  the  cow.  In  the  Scotch 
deer-hound  the  two  sexes  differ  in  size  more  than  in  any  other 
variety  of  the  dog,^  and,  judging  from  analogy,  more  than  in  the 
Aboriginal  parent-species.     The  peculiar  colour  called  tortoino* 


**  W.  Scropc,  <  Art  of  Dwr  SUlkia^/  p.  354. 
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Khell  is  very  rarely  seen  in  a  male  cat ;  the  males  of  Ihis  variety 
being  of  a  rusty  tint. 

In  varioas  breeds  of  the  fowl  the  males  and  females  often  differ 
greatly ;  and  these  dififerences  are  far  from  being  the  same  with 
those  which  distinguish  the  two  sexes  of  the  parent-species,  the 
(JaUus  hctnkitxt ;  and  consequently  have  oiiginated  under  domesti- 
cation. In  certain  sub-varieties  of  the  Game  race  we  have  the 
unusual  case  of  the  hens  differing  from  each  other  more  than  the 
cocks.  In  an  Indian  breed  of  a  white  colour  shaded  with  black,  the 
hens  invariably  have  black  skins,  and  their  bones  are  covered  by  a 
black  ))erio6teum,  whilst  the  cocks  are  never  or  most  rarely  thus 
characterised.  Pigeons  offer  a  more  interesting  case ;  for  throughout 
the  whole  great  family  the  two  sexes  do  not  often  differ  much ;  and 
the  males  and  females  of  the  parent-form,  the  C,  Hvia,  are  und^stin- 
guisbable :  yet  we  have  seen  that  with  pouters  the  male  has  th# 
characteristic  quality  of  pouting  more  strongly  developed  than  tiie 
female ;  and  in  certain  sub-varieties  the  males  alone  are  8pott3d  or 
striated  with  black,  or  otherwise  differ  in  colour.  AVhen  male  and 
female  English  carrier-pigeons  are  exhibited  in  separate  pens,  the 
difference  in  the  development  of  the  wattle  over  the  beak  and 
round  the  eyes  is  conspicuoiis.  So  that  here  we  have  instances  of 
the  appearance  of  secondary  sexual  characters  in  the  domesticated 
races  of  a  species  in  which  such  differences  are  naturally  quite 
absent. 

On  the  other  hand,  secondary  sexual  characters  which 
l)elong  to  the  species  in  a  state  of  nature  ai*e  sometimes  quite 
lost,  or  greatly  diminished,  under  domestication.  Wo  see 
this  in  the  small  size  of  the  tusks  in  our  improved  breeds  of 
the  pig,  in  comparison  with  those  of  the  wild  boar.  There 
are  sub-breeds  of  fowls,  in  which  the  males  have  lost  the  fine- 
Howiug  tail-feathers  and  hackles ;  and  others  in  which  there 
is  no  difference  in  colour  between  -the  two  sexes.  In  some 
cases  the  barred  plumage,  which  in  gi»llinaccou8  birds  is 
commonly  the  attribute  of  the  hen,  has  been  transferred  to 
the  cock,  as  in  the  cuckoo  sub-breeds.  In  other  cases  mascu- 
line characters  have  been  partly  transferred  to  the  female,  as 
with  the  splendid  plumage  of  the  golden-spangled  Hamburg 
hen,  the  enlarged  comb  of  the  Spanish  hen,  the  pugnacious 
disposition  of  the  Game  hen,  and  as  in  the  well-developed 
«purs  which  occasionally  appear  in  the  hens  of  various  Breeds. 
In  Polish  fowls  both  sexes  are  ornamented  with  a  topknot, 
that  of  the  male  being  formed  of  hackle-like  feathers,  and 
Ihis  is  a  new  male  character  in  the  genus  Gallus.     On  ih« 
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whole,  as  far  as  I  can  jnilgc,  new  characters  ore  more  apt 
to  appear  in  the  males  of  onr  domesticated  animals  than  in 
the  females,''  and  afterwards  to  be  inherited  exclusively  or 
more  strongly  by  the  males.  Finally,  in  aooordanoo  with 
the  principle  of  inheritanoe  as  limited  b}*^  sex,  the  preserva- 
tion and  augmentation  of  secondary  sexual  characters  in 
natural  species  offers  no  especial  difficulty,  as  this  would 
follow  through  that  form  of  selection  which  I  have  called 
sexual  selection. 

Inheritance  at  corresponding  period»  of  Life. 

This  is  an  important  subject.  Since  the  publication  of  my 
'  Origin  of  Species/  I  have  seen  no  reason  to  doubt  the  truth 
of  the  explanation  there  given  of  one  of  the  most  remarkable 
fac-ts  in  biology,  namely,  the  difference  between  the  embryo 
and  the  adult  animal.  The  explanation  is,  that  variations 
do  not  necessarily  or  generally  occur  at  a  very  early  period 
of  embryonic  growth,  and  that  such  variations  are  inherited 
at  a  corresponding  age.  As  a  consequence  of  this  the  embr3'(>, 
even  after  the  parent-form  has  undergone  great  modification, 
is  left  only  slightly  modified ;  and  the  embryos  of  widely- 
different  animals  which  are  descended  from  a  common  pro- 
genitor remain  in  many  important  respects  like  one  another 
and  probably  like  their  common  progenitor.  We  can  thus 
understand  why  embryology  throws  a  flood  of  light  on  tho 
natuiul  system  of  classification,  as  this  ought  to  bo  as  far  as 
possible  genealogical.  When  the  embrj'o  loads  an  inde- 
pendent life,  that  is,  becomes  a  larva,  it  has  to  be  adapted 
to  the  surrounding  conditions  in  its  structure  and  instincts, 
independently  of  those  of  its  parents;  and  the  principle 
of  inheritance  at  corresponding  penods  of  life  renders  this 
pos.sible. 

This  principle  is,  indeed,  in  one  way  so  obvious  that  it 
escapes  attention.  We  possess  a  number  of  races  of  animals 
and  plants,  which,  when  compared  with  one  another  and  with 

"  I  have  giren  in  mj  '  Descent  of      usually  more  rariable  than   the-  tV 
Man'  (2nd    edit.   p.   223)  sufficient       males, 
tndenu,     that    male    animals     an 
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their  jiarent-fornis,  prnnent  conspicnouB  differonoes,  both  in 
their  immature  and  mature  states.  Look  at  the  seeds  of  the 
several  kinds  of  peas,  beans,  maize,  which  can  be  propagated 
truly,  and  see  how  they  differ  in  size,  colour,  and  shape, 
whilst  the  full-grown  plants  differ  but  little.  Cabbages,  on 
the  otlier  hand,  differ  greatly  in  foliage  and  manner  of  growth, 
but  hardly  at  all  in  their  seeds  ;  and  generally  it  will  be 
found  that  the  differences  between  cultivated  plants  at  dif- 
ferent periods  of  growth  are  not  necessarily  closely  connected 
together,  for  plants  may  differ  much  in  their  seeds  and  little 
when  full-grown,  and  conversely  may  yield  seeds  hardly 
distinguishable,  yet  differ  much  when  full-grown.  In  the 
several  breeds  of  poultry,  descended  from  a  single  species, 
differences  in  the  eggs  and  chickens  whilst  covered  with 
down,  in  the  plumage  at  the  first  and  subsequent  moults,  as 
well  as  in  the  comb  and  wattles,  are  all  inherited.  With 
man  peculiarities  in  the  milk  and  second  teeth  (of  which  I 
have  received  the  details)  are  inheritable,  and  longevity  is 
ofbeii  transmitted.  So  again  with  our  improved  breeds  of 
cattle  and  sheep,  early  maturity,  including  the  early  develop- 
ment of  the  teeth,  and  with  certain  breeds  of  fowl  the  early 
appearance  of  secondary  sexual  characters,  all  come  under  the 
same  head  of  inheritance  at  corresponding  periods. 

Numerous  analogous  facts  could  be  given.  The  silk-moth, 
})erhaps,  offers  the  best  instance;  for  in  the  breeds  which 
transmit  their  characters  truly,  the  eggs  differ  in  size,  colour, 
and  shape :  the  caterpillars  differ,  in  moulting  three  or  four 
times,  in  colour,  even  in  having  a  dark-coloured  mark  like 
an  eyebrow,  and  in  the  loss  of  certain  instincts ; — the  cocoons 
differ  in  size,  shape,  and  in  the  colour  and  quality  of  the 
silk :  these  several  differences  being  followed  by  slight  or 
barely  distinguishable  differences  in  the  mature  moth. 

But  it  may  be  said  that,  if  in  the  above  cases  a  new  pecu- 
liarity is  inherited,  it  must  be  at  the  corresponding  stage  of 
development ;  for  an  egg  or  seed  can  resemble  only  an  egg  or 
seed,  and  the  horn  in  a  full-grown  ox  can  resemble  only  a 
horn.  The  following  cases  show  inheritance  at  corresponding 
periods  more  plainly,  because  they  refer  to  peculiarities  which 
might  have  supervened,  as  far  as  we  can  see,  eirlier  or  later 
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in  life,  yet  are  inherited  at  the  same  period  at  which  thej 
first  appeared. 

In  the  Lambert  family  the  porcupine-like  excrescences  appeared 
in  the  &ther  and  sons  at  the  same  age,  namely,  aboat  nine  weeks 
after  birth.**  In  the  extraonlinary  hairy  family  described  by  Mr. 
Grawfard,"  children  were  produced  during  three  generations  with 
hairy  ears ;  in  the  &ther  the  hair  began  to  grow  over  his  body  at 
six  years  old;  in  his  daughter  somewhat  earlier,  namely,  at  one 
year ;  and  in  both  generations  the  milk  teeth  appeared  late  in  life, 
the  permanent  teeth  being  afterwards  singularly  deficient.  Grey- 
ness  of  hair  at  an  unusually  early  age  has  been  transmitted  in  some 
fiunilies.  These  cases  border  on  diseases  inherited  at  corresponding 
periods  of  life,  to  which  I  shall  immediately  refer. 

It  is  a  well  known  peculiarity  with  almond-tumbler  pigeons,  that 
the  full  beauty  and  peculiar  character  of  the  plumage  does  not 
appear  until  tlie  bird  has  moulted  two  or  three  tiroes.  Neumeister 
describes  and  figures  a  brace  of  pigeons  in  which  the  whole  body  in 
white  except  the  breast,  neck,  and  head ;  but  in  their  first  plumage 
all  the  white  feathers  have  coloured  edges.  Another  breed  is  more 
remarkable :  its  first  plumage  is  black,  with  rusty-red  wing-bars 
and  a  crescent-shaped  mark  on  the  breast;  these  marks  then 
become  white,  and  remain  so  during  three  or  four  moults;  but  after 
this  period  the  white  spreads  ovor  the  body,  and  the  bird  loses  ita 
beauty .*'  Prize  canary-birds  have  their  wings  and  tail  black: 
"  this  colour,  however,  is  only  retained  until  the  first  moult,  so  tliat 
they  must  be  exhibited  ere  the  change  takes  place.  Once 
moulted,  the  peculiarity  has  ceased.  Of  course  all  the  birds 
emanating  from  this  stock  have  black  wings  and  tails  the  firftt 
year.""  A  curious  and  somewhat  analogous  account  has  been 
given**  of  a  family  of  wild  pied  rooks  which  were  first  observed  in 
UdS,  near  Ghalfont,  and  which  every  year  from  that  date  up  to  tlie 
period  of  the  published  notice,  viz.,  1837, "  have  several  of  tlieir 
brood  particoloured,  black  and  white.  This  variegation  of  tlie 
plumage,  however,  disappears  with  the  first  moult ;  but  among 
the  next  young  fomilies  there  are  always  a  few  pied  ones/' 
These  changes  of  plumage,  which  are  inherited  at  various  corre- 
sponding periods  of  life  in  the  pigeon,  canary-bird,  and  rook,  arc 
remarkable,  because  the  parent-species  passes  through  no  sueh 
change. 
Inherited  diseases  afford  evidence  in  some  respects  of  less  value 
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-  Prichard,  *  Phys.  Hist,  of  Man-  "  '  Das  Ganse  der  Tanbeniucht, 

kind,'  1851,  yol.  i.  p.  349.  1837,  s.  24,  Ub.  ir.,  fig.  2  ;  s.  21,  tab 

'*  *  Embassy  to  tha  Court  of  Ava,'  i.,  tig.  4. 

vol.  i.  p.  320.     The  third  generation  '*  Kidd's  *  Treatise  on  the  Canary,' 

is  described  by  Capt.    Yule   in   his  p.  18. 

*  Narrative    of    the    Mission  to   the  **  Charlesworth,    *  Mag.   of    Kit 

Coort  of  Ava,'  1855,  p.  94.  Uist./  vol.  L  1837,  p.  Itf7. 
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khan  the  foregoing  casoB,  because  diseases  are  hoi  necessarily  con* 
neoted  with  any  change  in  structure ;  but  in  other  respects  of  more 
value,  because  the  i)eriodft  have  been  more  carefully  observed. 
Certain  diseases  are  communicated  to  the  child  apparently  by 
a  process  like  inoculation,  and  the  child  is  from  the  first  aflfected ; 
such  cases  may  be  here  passed  over.  Large  classes  of  diseases 
usually  appear  at  certain  ages,  such  as  St  Yitus's  dance  in  youth, 
consumption  in  early  mid-life,  gout  later,  and  apoplexy  still  later ; 
and  these  are  naturally  inherited  at  the  same  period.  But  even  in 
diseases  of  this  class,  instances  have  been  recorded,  as  with  St. 
Vitus's  dance,  showing  that  an  unusually  early  or  late  tendency  to 
the  disease  is  inheritable.'^  In  most  cases  the  appearance  of  any 
inherited  disease  is  largely  determined  by  certain  critical  periods 
in  each  person's  life,  as  well  as  by  unfavourable  conditions.  There 
are  many  other  diseases,  which  are  not  attached  to  any  particular 
I)eriod,  but  which  certainly  tend  to  appear  in  the  child  at  about 
the  same  age  at  which  the  parent  was  first  attacked.  An  array  of 
high  authorities,  ancient  and  modem,  could  be  given  in  support  of 
this  proposition.  The  illustrious  Hunter  believed  in  it;  and  Piorry^ 
cautions  the  physician  to  look  closely  to  the  child  at  the  period 
when  any  grave  inheritable  disease  attacked  the  parent.  Dr. 
Prosper  Lucas,"^  after  collecting  facts  from  every  source,  asserts 
that  affections  of  all  kinds,  though  not  related  to  any  particular 
period  of  life,  tend  to  reappear  in  the  offspring  at  whatever  period 
of  life  they  first  appeared  in  the  progenitor. 

As  the  subeit  is  important,  it  may  be  well  to  give  a  few 
instances,  simply  as  illustrations,  not  oa  proof;  for  proof,  recourse 
must  bo  had  lo  the  authorities  above  quoted.  Some  of  the 
following  cases  have  been  selected  for  the  sake  of  showing  that,  when 
a  slight  depart  u**.  from  the  rule  occurs,  the  child  is  affected  some- 
what earlier  in  life  than  the  parent.  In  the  family  of  Le  Compte 
blindness  was  inherited  through  three  generations,  and  no  less 
than  twenty-seven  children  and  grandchildren  were  all  affected  at 
about  the  same  age;  their  blindness  in  general  began  to  advance 
about  the  fifteenth  or  sixteenth  year,  and  ended  in  total  deprivation 
of  sight  at  the  age  of  about  twenty- two.'^  In  another  case  a  fifither 
and  his  four  children  all  became  blind  at  twenty -one  years  old ;  in 
another,  a  grandmother  grew  blind  at  thirty-five,  her  daughter  at 
nineteen,  and  three  grandchildren  at  the  ages  of  thirteen  and  eleven.^ 


»  Dr.  Prosper  Lucas,  *  Uirid.  Nat.,' 
torn.  ii.  p.  713. 

M  <L'fl^r^.  dans  Iss  Maladies,* 
1840,  p.  135.  For  Hanter,  see  Har- 
lan's *  Med.  Researches,'  p.  530. 

"  •L'Her^.  Nat^  torn.  ii.  p.  850. 

»  Sedgwick,  *  Brit,  and  Kor.  Med.- 
Chinirg.^ReTiew.'  April,  1861,  p.  485. 
In    some    accounts   the    number  of 


children  and  grandchildren  is  given 
as  37 ;  but  this  seems  to  be  an  error 
judging  from  the  paper  first  published 
in  the  *  Baltimore  Med.  and  Phys. 
Reg.'  1809,  of  which  Mr.  Sedgwick 
has  been  so  kind  as  to  send  me  a  copy. 
*•  Prosper  Lucas,  *Her6d.  Nnt.* 
torn.  i.  p.  400. 
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So  with  deafness,  two  brotherB,  their  father  and  paternal  grand* 
father,  all  became  deaf  at  the  age  of  forty .^ 

Esquirol  gives  seyeial  striking  instances  of  insanity  coming  on 
at  the  same  age,  as  that  of  a  grandfatlier,  fiither,  and  son,  who  all 
committed  suicide  near  their  fiftieth  year.  Many  other  cases  oonid 
be  given,  as  of  a  whole  family  who  became  insane  at  the  age  of  forty.** 
Other  cerebral  affections  sometimes  follow  the  same  rule. — for 
instance,  epilepsy  and  apoplexy.  A  woman  died  of  tiie  latter 
disease  when  suLty-three  years  old ;  one  of  her  daughters  at  forty - 
three,  and  the  other  at  sixty-seven :  the  latter  had  twelve  children, 
who  all  died  from  tubercular  meningitis.*'  I  mention  this  latter 
case  because  it  illustrates  a  frequent  occurrence,  namely,  a  chanpe 
in  the  precise  nature  of  an  inherited  disease,  though  still  affecting 
the  same  organ. 

Asthma  has  attacked  several  members  of  the  same  family  when 
forty  years  old,  and  other  families  during  infancy.  The  most 
different  diseases,  such  as  angina  pectoris,  stone  in  the  bladder,  an«t 
various  affections  of  the  skin,  have  appeared  in  successive  genera- 
tions at  nearly  the  same  age.  The  little  finger  of  a  man  began  from 
some  unknown  cause  to  grow  inwards,  and  the  same  finger  in  his 
two  sons  began  at  the  same  age  to  Ix^nd  inwards  in  a  similar 
manner.  Strange  and  inexplicable  neuralgic  affectionn  have  causnl 
parents  and  children  to  suffer  agonies  at  about  the  same  period 
of  life.** 

I  will  give  only  two  other  cases,  which  are  intercRting  as 
illustrating  the  disappearance  as  well  as  the  appearance  of  disease 
at  the  same  age.  Two  brothers,  their  father,  their  paternal  uncles, 
seven  cousins,  and  their  paternal  grandfather,  were  all  similarly 
affected  by  a  skin-disease,  called  pityriasiH  versicolor ;  "  the  disease, 
strictly  limited  to  the  males  of  the  family  (though  transmitted 
through  the  females),  usually  appeared  at  puberty,  and  dis- 
appeared at  about  the  age  of  forty  or  forty-five  years."  The  second 
case  is  that  of  four  brothers,  who  when  about  twelve  years  old 
suffered  almost  every  week  from  severe  headaches,  which  were 
relieved  only  by  a  recumbent  position  in  a  dark  room.  Their 
father,  paternal  uncles,  paternal  gi-andfather,  and  grandiincles  nil 
suffered  in  the  same  way  from  headaches,  which  ceased  at  the  age 
of  fifty-four  or  fifty-five  in  all  those  who  lived  so  long.  None  of 
the  females  of  the  family  were  affected.** 

It  is  impossible  to  road  the  foregoing  accounts,  and  the 
many  others  which  have  bcveu  recorded,  of  diseases  coming; 

«•  Sedgwick,  ibid.,  July,  1861,   p.  1863,  p.  449,  and  July.  1803,  p.  162 , 

2^2.  Dr.  J.  Steinan,  *  Kssny  oa  Hereditary 

«»  Piorry,  p.  109;   Proeper  Lucas,  Disease,'  1843.  pp.  2V,  34. 

torn.  ii.  p.  759.  **  These    cases  are  given   by  Mr. 

**  Prosper  Lucas,  torn.  ii.  p.  748.  Sedgwick,  on  the  authority  of  Dr.  H. 

*•  Prosper  Lucas,  tom.  iii.  pp.  678,  Stewart,  in  *  MeJ.-Chirurg.  Kevieir,' 

70C,    702;    Sedgwick,    ibid.,  AprU,  April,  1863,  pp.  449,  477. 
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on  dm  ing  three  or  even  more  generations  in  several  meinLera 
of  the  same  family  at  the  same  age,  especially  in  the  case  of 
2'aro  affections  in  whioh  the  coincidence  cannot  be  attributed 
to  chance,  and  to  duiibt  that  there  is  a  strong  tendency  to  in- 
heritance in  disease  at  corresponding  {)eriods  of  life.  When 
the  nile  fails,  the  disease  is  apt  to  come  on  earlier  in  the  child 
than  in  the  parent;  the  exceptions  in  the  other  direction 
being  very  much  rarer.  Dr.  Lucas**  alludes  to  several  cases 
of  inherited  diseases  coming  on  at  an  earlier  period.  I  have 
already  given  one  striking  instance  with  blindness  during 
three  generations :  and  Mr.  Bowman  remarks  that  this  fre- 
quently occurs  with  cataract.  With  cancer  there  seems  to  be 
a  peculiar  liability  to  earlier  inheritance :  Sir  J.  Paget,  who 
has  particularly  attended  to  this  subject,  and  tabulated  a  large 
number  of  cases,  infoims  me  that  ho  believes  that  in  nine 
cases  out  of  ten  the  later  generation  suffers  from  the  disease 
at  an  earlier  period  than  the  pi*evious  generation.  He  adds, 
**  In  the  instances  in  which  the  opposite  relation  holds,  and 
the  members  of  later  generations  have  cancer  at  a  later  age 
than  their  predecessors,  I  think  it  will  be  found  that  the 
non-cancerous  parents  have  lived  to  extreme  old  ages."  So 
that  the  longevity  of  a  non-affected  parent  seems  to  have  the 
power  of  influencing  tlie  fatal  period  in  the  offspring ;  and 
we  thus  apparently  get  another  element  of  complexity  in 
inheritance. 

The  facts,  showii)g  that  with  certain  diseases  the  period  of 
inheritance  occasionally  or  even  frequently  advances,  are 
important  with  respect  to  the  general  descent-theoiy,  for  they 
render  it  probable  that  the  same  thing  would  occur  with 
ordinary  modifications  of  structure.  The  final  result  of  a 
long  series  of  such  advances  would  be  the  gradual  obliteration 
of  characters  proper  to  the  embryo  and  larva,  which  would 
thus  come  to  resemble  more  and  more  closely  the  mature 
parent-form.  But  any  structure  which  was  of  service  to  the 
embryo  or  larva  would  be  preserved  by  the  destruction  at 
this  stage  of  growth  of  each  individual  which  manifested 
any  tendency  to  lose  its  proper  character  at  too  early  an  age. 

«*  *H^rcd.  Nat.;  torn.  ii.  p.  852. 
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Finallj,  from  the  nmnerouB  races  of  onltivated  plants  and 
domestio  animals,  in  which  the  seeds  or  eggs,  the  yonng  or 
old,  differ  from  one  another  and  from  those  of  the  parent- 
species  ;—  from  the  cases  in  which  new  characters  have  ap- 
peared at  a  particular  period,  and  afterwards  been  inherited 
at  the  same  period  ; — and  from  what  we  know  with  respect 
to  disease,  we  must  believe  in  the  truth  of  the  great  principle 
of  inheritance  at  corresponding  periods  of  life. 

Sumtnary  of  the  three  preceding  Chapten, — Strong  as  is  the 
force  of  inheritance,  it  allows  the  incessant  appearance  of  new 
characters.  These,  whether  beneficial  or  injurious, — of  the 
most  trifling  importance,  such  as  a  shade  of  colour  in  a  flower, 
a  coloured  lock  of  hair,  or  a  mere  gesture, — or  of  the  highest 
importance,  as  when  affecting  the  brain,  or  an  organ  so  perfect 
and  complex  as  the  eye,— or  of  so  grave  a  nature  as  to  deserve 
to  be  called  a  monstrosity, — or  so  peculiar  as  not  to  occur 
normally  in  any  member  of  the  same  natural  class,—  are  often 
inherited  by  man,  by  the  lower  animals,  and  plants.  In 
numberless  cases  it  suffices  for  the  inheritance  of  a  pecu- 
liarity that  one  parent  alone  should  be  thus  characterised. 
Inequalities  in  the  two  sides  of  the  body,  though  opposed  to 
the  law  of  symmetry,  may  be  transmitted.  '1  here  is  ample 
evidence  that  the  effects  of  mutilations  and  of  accidents,  es- 
pecially or  perhaps  exclusively  when  followed  by  disease,  are 
occasionally  inherited.  There  can  be  no  doubt  that  the  evil 
effects  of  the  long-continued  exposure  of  the  parent  to  in- 
jurious conditions  are  sometimes  transmitted  to  the  offhpring. 
So  it  is,  as  we  shall  see  in  a  future  chapter,  with  the  effects 
of  the  use  and  disuse  of  parts,  and  of  mental  habits.  Periodi- 
cal habits  are  likewise  transmitted,  but  generally,  as  it  would 
appear,  with  little  force. 

Hence  we  are  led  to  look  at  inheritance  as  the  }-ule,  and 
uon-inheritanoe  as  the  anomaly.  But  this  power  often  ap- 
pears to  us  in  our  ignorance  to  act  capriciously,  transmitting 
a  character  with  inexplicable  strength  or  feebleness.  The 
very  same  peculiarity,  as  the  weeping  habit  of  trees,  silky 
feathers,  d'c,  may  be  inherited  either  firmly  or  not  at  all  by 
different  membon  of  the  same  group,  and  even  by  difitTcut 
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'  individuals  of  the  Rame  species,  though  treated  in  the  same 
manner.  In  this  latter  case  we  see  that,  the  power  of  trans- 
mission is  a  quality  which  is  merely  individual  in  its  attach- 
ment. As  with  single  characters,  so  it  is  with  the  several 
concurrent  slight  differences  wbich  distingnibh  sub- varieties 
or  races ;  for  of  the*>e,  some  can  be  propagated  almo&t  as  truly 
as  species  whilst  others  cannot  be  relied  on.  The  same  rule 
'  holds  good  with  plants,  when  propagated  by  bulbs,  offset'^, 
Ac.,  which  in  one  sense  still  form  parts  of  the  same  individual, 
for  some  varieties  retain  or  inherit  through  succeKsive  bu»l- 
generatiouM  their  character  far  more  ti*uly  than  others. 

Some  char.ictei's  not  proper  to  the  parent-species  have  c.  r- 
tuinly  been  inherited  from  an  extremely  remote  tpocH,  jind 
may  therefore  be  considered  as  firmly  fixed.  But  it  in  doubt- 
ful whether  length  of  inheritance  in  itself  givrs  fixedness  of 
charact  r ;  though  t'e  chancfs  are  obviously  in  favour  of  any 
character  which  has  lonv;  been  transmitted  true  <r  unaltered 
still  being  transmitted  true  as  long  as  the  conditions  of  life 
reniaiti  the  same.  We  know  that  many  species,  after  having 
retained  the  same  character  for  r-ountless  ages,  whilst  living 
under  their  natural  conditions,  when  domesticated  have  vari<  d 
in  the  mot  diversified  manner,  that  is,  have  failed  to  transmit 
their  original  form;  so  that  no  chancter  appears  to  be 
absolutely  fixed.  We  cm  sometimes  account  for  the  failure 
of  inheritance  by  the  conditions  of  life  being  opposed  to  the 
d'.'velo)>ment  of  certain  characters ;  and  still  oftener,  as  with 
plants  cultivated  by  grafts  and  buds,  by  the  conditions 
causing  new  and  slight  modifications  inccssantty  to  appear. 
In  this  latter  case  it  is  not  that  inheritance  wholly  fHils,  but 
that  new  characters  are  continually  huperadded.  In  some 
few  cases,  in  which  both  parents  are  similarly  character's^  d, 
inheritance  seems  to  gain  80  much  foce  by  the  combined 
action  of  the  two  f  arents,  that  it  counteracts  its  own  power, 
aid  a  now  modification  is  the  result. 

In  man}-  cases  the  failure  of  the  parents  to  transmit  their 
likeness  is  due  to  the  breed  having  b»  en  at  some  former  peri'  d 
cross  d;  and  the  child  tikes  after  his  grandparent  or  more 
reraot'  ancestor  of  fore'gn  blood.  In  other  ca-es,  in  which 
the  bre  d  has  nut  bet n  crossed,  hit  some  ancient  character 
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has  been  lost  through  variation,  it  oncaaionally  reappean 
through  reversion,  so  that  the  parents  apparently  fiil  to 
transmit  their  own  likeness.  In  ail  cases,  however,  ^e  may 
saft:ly  conclude  thtt  the  child  inherits  all  its  characters  from 
its  parents,  in  whom  certain  characters  are  latent,  like  the 
secondary  sexual  characters  of  one  sex  in  the  other.  When, 
after  a  long  succession  of  bud->ieneri«tion8,  a  flower  or  fVnit 
bex>mes  separated  into  distinct  segments,  having  the  colours 
or  other  attributes  of  both  parent-forms,  we  cannot  doubt 
that  these  characters  were  latent  ixi  the  earlier  buds,  though 
they  could  not  then  be  detected,  or  could  be  detected  only  in 
an  intimately  commingled  state.  So  it  is  with  animals  of 
crossed  parentage,  which  with  advancing  years  occasionally 
exhibit  characters  derived  from  cme  of  their  two  parents,  of 
which  not  a  trace  could  at  first  be  perceived.  Certain  mon- 
strosities, which  resemble  what  naturalises  call  the  typical 
form  of  the  group  in  question,  apparaiiily  come  under  the 
same  law  of  reversit>n.  It  is  a^-suredly  an  astonishing  f  ct 
that  the  male  and  female  sexual  elements,  that  buds,  and 
evtB  full-grown  animals,  should  retain  characters,  during 
several  generations  in  the  case  of  crossed  breeds,  and  during 
thousands  of  generations  in  the  case  of  pure  breedd,  wi  itten 
as  it  were  in  invisible  ink,  yet  ready  at  any  time  to  be  evolved 
under  certain  conditions. 

What  these  conditions  precisely  are,  we  do  not  know. 
But  any  cause  which  disturbs  the  organisation  or  constitu- 
tion seems  to  be  sufficient.  A  cross  certainly  gives  a  strong 
tendency  to  the  reappearance  of  long-lost  characters,  both 
corporeal  and  mental.  In  the  case  of  plants,  this  tendency 
is  much  stronger  with  those  species  which  have  been  crossed 
after  long  cultivation  and  which  therefore  have  had  their 
constitutions  disturbed  by  this  cause  as  well  as  by  cro  sing, 
than  with  species  which  have  always  lived  under  their  natui'al 
conditions  and  have  then  been  crossed.  A  return,  also,  of 
domesticated  animals  and  cultivated  plants  to  a  wild  state 
favours  reversion ;  but  the  tendency  under  these  circumstances 
has  been  much  exaggerated. 

When  individuals  of  the  same  family  which  differ  some- 
what, and  when  races  or  species  are  crossed,  the  one  is  often 
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prepotent  over  the  other  in  transmitting  its  oharaotor.  A 
race  may  possess  a  strong  power  of  inheritance,  and  yet  when 
crossed,  as  we  have  seen  with  trumpeter-pigeons,  yield  to  the 
prepotency  of  every  other  race.  Prepotency  of  transmission 
may  be  equal  in  the  two  sexes  of  the  same  species,  but  often 
runs  more  strongly  in  one  sex.  It  plays  an  important  part 
in  determining  the  rate  at  which  one  race  can  be  modified  or 
wholly  absorbed  by  repeated  crosses  with  another.  We  can 
seldom  tell  what  makes  one  race  or  species  prepotent  over 
another;  but  it  sometimes  depends  on  the  same  ohamcter 
being  present  and  visible  in  one  parent,  and  latent  or  poten- 
tially present  in  the  other. 

Characters  may  first  appear  in  either  sex,  but  oftener  in 
the  male  than  in  the  female,  and  afterwards  be  transmitted 
to  the  offspring  of  the  same  sex.  In  this  case  we  may  feel 
confident  that  the  peculiarity  in  question  is  really  present 
though  latent  in  the  opposite  tex!  hence  the  father  may 
transmit  through  his  daughter  any  character  to  his  grandson  ; 
and  the  mother  conversely  to  her  granddaughter.  We  thus 
learn,  and  the  fact  is  an  important  one,  that  transmission  and 
development  are  distinct  powers.  Occasionally  these  two 
powei-s  seem  to  be  antagonistic,  or  incapable  of  combination 
in  the  same  individual ;  for  several  cases  have  been  recorded 
in  which  the  son  has  not  directly  inherited  a  character  from 
his  father,  or  directly  transmittol  it  to  his  son,  but  has 
received  it  by  transmission  through  his  non-affected  mother, 
and  transmitted  it  through  his  non-affected  daughter.  Owing 
to  inheritance  being  limited  by  sex,  we  see  how  secondary 
sexual  characters  may  have  arisen  under  nature;  their 
preservation  and  accumulation  being  dependent  on  the:r 
sei-vice  to  either  sex. 

At  whatever  period  of  life  a  new  character  first  appears,  it 
generally  remains  latent  in  the  offspring  until  a  corresponding 
age  is  attained,  and  then  is  developed.  When  this  rule  fails, 
the  child  generally  exhibits  the  character  at  an  earlier  period 
than  the  parent.  On  this  principle  of  inheritance  at  corre- 
sponding periods,  we  can  understand  how  it  is  that  most 
animals  display  from  the  germ  to  maturity  such  a  marvellous 
suooession  of  characters. 
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Finally,  though  mtich  remainB  obscare  with  respect  to  In- 
horitanoe,  we  may  look  at  the  following  laws  as  fairly  well 
established.  Firstly,  a  tendency  in  every  character,  new  and 
old,  to  be  transmitted  by  seminal  and  bud  generation,  though 
often  counteracted  by  various  known  and  unknown  canses. 
Secondly,  reversion  or  atavism,  which  depends  on  transiuitf- 
sion  and  development  being  distinct  powers:  it  acts  in 
various  degrees  and  manners  through  both  seminal  and  bud 
generation.  Thirdly,  prepotency  of  transmission,  which 
may  be  confined  to  one  sex,  or  be  common  to  both  sexes. 
Fourthly,  transmission,  as  limitod  by  sex,  generally  to  the 
same  sex  in  which  the  inherited  character  first  apjiearcd; 
and  this  in  many,  probably  most  cases,  depends  on  the 
new  character  having  first  a)i])eared  at  a  rather  late  period 
of  life.  Fifthly,  inheritance  at  corresponding  periods  of  life, 
with  some  tendency  to  tho  earlier  development  of  the 
inherited  character.  In  these  laws  of  Inheritance,  as  dis- 
played under  domestication,  we  see  an  ample  provision  for 
the  production,  through  variability  and  natural  selection,  of 
new  specific  forms. 
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CHAPTER  XV. 

ON   CROSSING. 

niEE  INTERCBOBSINO  0BLITEBATE8  THE  DIFFERENCES  BETWEBN  ALLIED 
BREEDS  — HHEK  THE  KUMBEBS  OF  TWO  COMMINr.LINO  BREEDS  ARE 
VNUQUAL,  ONE  ABSORBS  THE  OTHER — THE  RATE  OF  ABSORTTION  DETER- 
MINED BY  PBEPOTtNCY  OF  TRANSMISSION,  BY  TIDI  CONDITIONS  OF  UFE, 
AND  BY  NATURAL  SELECTION — ALL  ORGANIC  BEINGS  OCCASIONALLY  INTER- 
CROSS; APPARENT  KXCEI-nONS — ON  CERTAIN  CHARACTERS  INCAPABIJ:  OF 
tTSION  ;  CHIEFLY  OR  EXCLUSIVELY  THOSE  WHICH  HATE  SUDDENLY 
All  EARED  IN  THE  INDIVIDUAL — ON  THE  MODIFICATION  OF  0U>  RACES,  AND 
THE  FORMATION  OF  NCW  RACKS,  BY  CROSSING — SOME  CROSSED  RACES 
HAVE  BRED  TRUE  FROM  THEIlt  FIRST  PRODUCTION — ON  THE  CROSSINO  OF 
DrariNCT  SPECIES  IN  RELATION  TO  THE  FORMATION  OF  DOldESTIO 
RACES. 

In  the  two  previous  chapters,  when  di.  cussing  reversion  and 
prepotency,  I  was  necessarily  led  to  give  many  facts  on 
crossing.  In  the  present  chapter  I  shall  consider  the  part 
which  crossing  plays  in  two  opposed  directions, — firstly,  in 
obliterating  charactera,  and  consequently  in  preventing  the 
formation  of  new  races ;  and  secondly,  in  the  modification  of 
old  races,  or  in  the  formation  of  new  and  intermediate  races, 
by  a  combination  of  characters.  I  shall  also  show  that  certain 
chai'acters  are  incapable  of  fusion. 

The  elBfects  of  free  or  uncontrolled  breeding  between  the 
members  of  the  same  variety  or  of  closely  allied  variet  es  are 
important;  but  are  so  obvious  that  they  need  not  be  dis- 
cussed at  much  length.  It  is  free  interciXMjsing  which  chiefly 
gives  uniformity,  both  under  nature  and  under  domestication, 
to  the  individuals  of  the  same  species  or  variety,  when  they 
live  mingled  together  and  are  not  exposed  to  any  cause 
inducing  excessive  variability.  The  prevt-ntion  of  free  cross- 
ing, and  the  intentional  matching  of  individual  animals,  are 
the  oomer-«tones  of  the  breeder's  art.  No  man  in  his  senses 
would  expect  to  improve  or  modify  a  breed  in  any  jiarticular 
manner,  or  keep  an  old  breed  true  and  distinct,  unless  he 
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separated  hiA  animals.  The  killing  of  inferior  animals  in 
each  generation  oomea  to  the  same  thing  as  their  separation. 
In  savage  and  semi-ciyilised  countries,  where  the  inhabitants 
have  not  the  means  of  separating  their  animals,  more  than 
a  single  breed  of  the  same  species  rarely  or  never  exists.  In 
former  times,  even  in  the  United  states,  there  were  no  distinct 
races  of  sheep,  for  all  had'  been  mingled  together.^  The  cele- 
brated agricalturist  Marshall^  remarks  that  "sheep  that 
are  kept  within  fences,  as  well  as  shepherded  flocks  in  open 
countries,  have  generally  a  similarity,  if  not  a  uniformity, 
"of  character  in  the  individuals  of  each  flock;"  for  they 
breed  freely  together,  and  are  prevented  from  crossing  witli 
other  kinds;  whereas  in  the  unenclosed  parts  of  England 
the  unshepherded  sheep,  even  of  the  same  flock,  are  far  from 
true  or  uniform,  owing  to  various  breeds  having  mingled 
and  crossed.  We  have  seen  that  the  half-wild  cattle  in 
each  of  the  several  British  parks  are  nearly  uniform  in  cha- 
racter ;  but  in  the  different  parks,  from  not  having  mingled 
and  crossed  daring  many  generations,  they  differ  to  a 
certain  small  extent. 

We  cannot  doubt  that  the  extraordinary  number  of  varieties 
and  sub-varieties  of  the  pigeon,  amounting  to  at  least  one 
hundred  and  fifty,  is  partly  due  to  their  remaining,  dif- 
ferently from  other  domesticateil  bird^,  paired  for  life  once 
matched.  On  the  other  hand,  breeds  of  cats  imported  into 
this  country  soon  disappear,  for  their  nocturnal  and  rambling 
habits  render  it  hardly  possible  to  prevent  free  crossing. 
Kengger  ^  gives  an  interesting  case  with  respect  to  the  cat 
in  Paraguay :  in  all  the  distant  parts  of  the  kingdom  it  has 
assumed,  apparently  from  the  effects  of  the  climate,  a  peculiar 
character,  but  near  the  capital  this  change  has  been  pre- 
vented, owing,  as  he  asserts,  to  the  native  animal  frequently 
crossing  with  cats  imported  from  £aroi>e.  In  all  cases  like 
the  foregoing,  the  effects  of  an  occaiiioiial  cross  will  be  aug- 
mented by  the  increased  vigour  and  fertility  of  the  cnissod 
offspring,  of  which  fact  evidence  will  hereafter  be  given ;  for 

*  <  ComiDunicatioiis  to  the  Board  of      Enj^laDd/  1808,  p.  200. 
Acricttltnre,'  vol.  i.  p.  367.  *  *  Siiugethiere     Ton     Paragwij, 

*  *  iwview   of  Reports,   North    of      1830,  s.  212. 
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this  will  lead  to  the  mongrels  increasing  more  rapidly  than 
the  pure  parent-breeds. 

When  distinct  breeds  are  allowed  to  cros-s  freely,  the  result 
will  be  a  heterogeneons  body;  for  instance,  the  dogs  in  1  Para- 
guay are  far  from  uniform,  and  can  no  longer  be  affiliated  to 
their  parent -races/  The  character  which  a  crossed  body  of 
animals  will  ultimately  assume  must  depend  on  several  con- 
tingencies,— namely,  on  the  relative  members  of  the  individuals 
belonging  to  the  two  or  more  races  which  are  allowed  to 
mingle  ;  on  the  prepotency  of  one  race  over  the  other  in  the 
transmission  of  character;  and  on  the  conditions  of  life  to 
which  they  are  exposed.  When  two  commingled  breeds  exist 
at  first  in  nearly  equal  numbers,  the  whole  will  sooner  or 
later  become  intimately  blended,  but  not  so  soon,  both  breeds 
being  equally  favoured  in  all  respects,  as  might  have  been 
expected.  The  following  calculation  ^  shows  that  this  is  the 
case  :  if  a  colony  with  an  equal  number  of  black  and  white 
men  were  founded,  and  we  assume  that  they  marry  indis- 
ci'iminately,  are  equally  prolific,  and  that  one  in  thirty 
annually  dies  and  is  bom  ;  then  **  in  Go  years  the  number  of 
'*  blacks,  whites,  and  mulattoes  would  be  equal.  In  91  years 
**  the  whites  would  be  1-lOth,  the  blacks  1-lOth,  and  the 
"mulattoes,  or  people  of  intermediate  degrees  of  colour, 
*'  8-lOths  of  the  whole  number.  In  three  centuries  not 
"  1 -100th  part  of  the  whites  would  exist.** 

When  one  of  two  mingled  races  exceed  the  other  greatly 
in  number,  the  latter  will  soon  be  wholly,  or  almost  wholly, 
absorbed  and  lost.*  Thus  European  pigs  and  dogs  have  been 
largely  introduced  in  the  islands  of  the  Pacific  Ocean,  and 
the  native  races  have  been  absorbed  and  lost  in  the  course  of 
al)out  fifty  or  sixty  years  ; '  but  the  imported  races  no  doubt 
Were  favoured.  Kats  maybe  considered  as  semi-domesticated 
animals.  Some  snake-rats  (^Mus  alexandrinus)  escaped  in  the 
Zoological  Gardens  of  London,  "  and  for  a  long  time  after- 

*  Rengger,   *  Saugethiere,'    &c.,  s.  maines,'  p.  24,  first  called  attention 
154  to  this  subject,  and  ably  discnssed  it. 

*  White,   *  Regular  Gradation    in  '  Rev.  D.  Tyerm&n  and    Bennett, 
Man,'  p.  146.  «  ?onrnal  of  Vorages/  1821-1820,  jil 

*  Dr.  W.  F.  Edwards,  in  hU  *  Ca-  1.  p.  300. 
nct^res    Phjsiolog.  des  Ea^^a  {In- 
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**  wards  the  keepers  frequently  caught  cross-bred  rats,  at 
**  first  balf-breds,  afterwards  with  less  of  the  character  of  the 
**  snake-rat,  till  at  length  all  traces  of  it  disappeared.^  On 
the  other  hand,  in  some  parts  of  London,  especially  near  tbo 
docks,  where  fresh  rats  are  frequently  imported,  an  endless 
▼ariety  of  intermediate  forms  may  be  found  between  the 
brown,  black,  and  snake  rat,  which  are  all  three  usually 
ranked  as  distinct  species. 

How  many  generations  are  necessary  for  one  species  or  race 
to  absorb  another  by  repeMted  crosses  has  often  been  dis- 
cussed ;  *  and  the  requisite  number  has  probably  been  much 
exaggerated.  Some  writers  have  maintained  that  a  dozen 
or  score,  or  even  more  generations,  are  necessary  ;  but  this  in 
itself  is  improbable,  for  in  the  tenth  generation  there  would 
be  only  1-1 024th  part  of  foreign  blood  in  the  offspring. 
(lartner  found,^*  that  with  plants,  one  species  could  be  madu 
to  absorb  another  in  from  three  to  fire  generations,  and  he 
believes  that  this  could  always  be  effected  in  from  six  to 
seven  generations.  In  one  instance,  however,  Kiilreuter'^ 
speaks  of  the  offspring  of  Mirabilis  tmlgaris,  crossed  during 
eight  successive  generations  by  JIf.  longiflora,  as  resembling 
this  latter  species  so  closely,  that  the  most  scrupulous 
observer  could  detect  ^'  vix  aliquam  notabilein  differcntiam  '* 
or,  as  he  says,  he  succeeded,  **  ad  plenariam  fere  transmutu- 
tionem.**  But  this  expression  shovrs  that  the  act  of  absorp- 
tion was  not  even  then  absolutely  complete,  though  these 
crossed  plants  contained  only  the  l-256th  part  of  ilf.  vulgarig. 
The  conclusions  of  such  accurate  observers  as  Gartner  and 
Kolreuter  are  of  far  higher  worth  than  those  made  without 
scientific  aim  by  breeders.  The  most  precise  account  which 
I  have  met  with  is  given  by  Stonehenge,^'  and  is  illustrattMl 
by  photographs.  Mr.  Hauley  crossed  a  greyhound  bitch  witii 
a  bulldog ;  the  offspring  in  each  succeeding  generation  being 
rerrossed  with  fiist-rate  greyhounds.    As  Stonehenge  remarks, 

'  Mr.  S.  J.  Salter,  *  Journal  Linn.  crosses.    Dr.   P.   Lucas,  *  L'H^r^diU 

Soc.,'  ToL  vL,  1862,  p.  71.  Nat.,'  torn.  ii.  p.  308. 

•  Stnrm,  'Ueber  Racen,  &&,'  1825,  '•  *  JEkwtarderzeugung,'  8.463,  470. 

L  107.    Bronn,  <  Owchichte  der  Na-  ^^  <  Nora  Acta  Petrop./  1794,  p. 

tur,'  b.  iL  s.  170,  gives  a  table  of  the  d%3  :  aw  aUo  previous  volume, 

proportion!  of  blood  after  soocesdve  **  •  The  Dog,'  1867,  pp.  179-184 
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it  migHt  niiturally  be  snppoeed  that  it  would  take  aeverai 
erofises  to  get  rid  of  the  h&vry  form  of  the  bulldog;  but 
Hysterics,  the  gr-gr-granddaughter  of  a  bulldog,  showed  no 
trace  wliatever  of  this  breed  in  external  form.  She  and  all 
of  the  same  litter,  however,  were  ^^  remarkably  deficient  in 
**  stoutness,  though  fast  as  well  as  clever.'*  I  believe  clever 
refers  to  skill  in  turning.  Hysterics  was  put  to  a  son  of 
Bedlamite,  '*  but  the  result  of  the  fifth  cross  is  not  as  yet,  I 
"  believe,  more  satisfactory  than  that  of  the  fourth.*'  On  the 
other  haiLd,  with  sheep,  Fleischmann  ^'  shows  how  persistent 
the  effects  of  a  single  cross  may  be  :  he  says  '*  that  the  original 
"  coarse  sheep  (of  Germany)  have  5500  fibres  of  wool  on  a 
*'  square  inch ;  grades  of  the  third  or  fourth  Merino  cross 
produced  about  8000,  the  twentieth  cross  27,000,  the  per- 
fect pure  Merino  blood  40,000  to  48,000.*'  So  that  common 
German  sheep  crossed  twenty  times  suocestfively  with  Merino 
did  not  by  any  means  acquire  wool  as  fine  as  that  of  the  pure 
breed.  But  in  all  cases,  the  rate  of  absorption  will  depend 
largely  on  the  conditions  of  life  being  favourable  to  any 
particular  character ;  and  we  may  suspect  that  there  would 
be  a  constant  tendency  to  degeneration  in  the  wool  of  Merinos 
under  the  climate  of  Germany,  unless  provented  by  careful 
selection;  and  thus  perhaps  the  foregi>ing  remarkable  case 
may  be  explained.  The  rate  of  absorption  must  also  depend 
on  the  amount  of  distinguishable  difference  between  the  two 
forms  which  are  crossed,  and  especially,  as  Gartner  insk^ts,  on 
prepotency  of  transmission  in  the  one  form  over  the  other. 
We  have  seen  in  the  last  chapter  that  one  of  two  French 
breeds  of  sheep  yielded  up  its  character,  when  crossed  with 
Merinos,  very  much  more  slowly  than  the  other ;  and  the 
common  Gi^rman  sheep  referred  to  by  Fleischmann  may  be  in 
this  respect  analogous.  In  all  cases  there  will  be  more  or  less 
liability  to  reversion  during  many  subsequent  generations, 
and  it  is  this  fact  which  has  probably  led  authors  to  maintain 
that  a  score  or  more  of  generations  are  requisite  for  one  race 
to  absorb  another.  In  considering  the  final  result  of  the 
commingling  of  two  or  more  breeds,  we  must  not  forget  that 

"  As  <|iiotcd  in   the  *  True  Principles  of  Breeding,'  by  C.  H.  Macknight 
aod  Dr.  U.  Madden,  1865,  p,  II. 
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ibe  act  of  oitxaing  m  iteelf  tends  to  bring  back  long-lost 
charaeten  not  proper  to  the  imaediate  parent-forms. 

With  respect  to  the  inflnenoe  of  the  conditions  of  life  on 
anj  two  breeds  which  are  ullowed  to  cross  freely,  unless  both 
are  indigenous  and  have  long  been  accustomed  to  the  country 
where  they  live,  they  will,  in  all  probability,  be  nneqnally 
affected  by  the  conditions,  and  this  will  modify  the  result. 
Even  with  indigenous  breeds,  it  will  rarely  or  never  occur 
that  both  are  equally  well  adspted  to  the  snrronnding  cir- 
cumstances ;  more  especially  when  permitted  to  roam  freely, 
and  not  carefiilly  tended,  as  is  generally  the  case  with  breeds 
allowed  to  cross.  As  a  consequence  of  this,  natural  s«*lection 
will  to  a  certain  extent  come  into  action,  and  the  best  fitted 
will  sorrive,  and  this  will  aid  in  determining  the  ultimate 
character  of  the  commingled  body. 

How  long  a  time  it  would  require  before  such  a  crossed  body 
of  animals  would  asEume  a  uniform  charncter  within  a  limited 
area,  no  one  c-an  say;  that  they  would  ultimately  become 
uniform  from  free  interorosBing,  and  from  the  survival  of  the 
fittest,  we  may  feel  assured ;  but  the  chHracters  thus  acquii-ed 
Would  rarely  or  never,  as  may  be  inferred  from  the  previous 
considerations,  be  exactly  intermediate  between  thoee  of  the 
two  parent-breeds.  With  respect  to  the  very  slight  difft* rencos 
by  which  the  individuals  of  the  same  sub-variety,  or  even  of 
allied  varieties,  are  characterised,  it  is  obvious  that  free 
crossing  would  soon  obliterate  such  small  distinctions.  Tho 
formation  of  new  varieties,  independently  of  selection,  would 
also  thus  be  prevented;  except  when  the  same  variation 
continually  recurred  from  the  action  of  some  strongly  pre- 
disposing cause.  Wo  may  therefore  conclude  that  fiee 
crossing  has  in  all  cases  played  an  important  part  in  giving 
uniformity  of  character  to  all  the  members  of  the  same 
domestic  race  and  of  the  same  natural  species,  though  largely 
governed  by  natural  selection  and  by  the  direct  action  of  the 
surrounding  conditions. 

On  the  poMUity  of  all  orgtmie  hetn^  oeeanimaUff  niiercromng 
^•— But  it  may  be  asked,  can  free  crossing  occur  with  herma- 
phrodite animals  and  plants  ?  All  the  higher  animals,  and 
the  few  iLsects  which  have  been  domesticated,  have  separate 
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■exes,  and  must  ineTitably  unite  for  each  birth.  With  respect 
to  the  crossing  of  hermaphrodites,  the  subject  is  too  large  for 
the  present  volume,  but  in  the  '  Origin  of  Species,*  I  have 
given  a  short  abstract  of  the  reasons  which  induce  me  to 
believe  that  all  orgunic  beings  ooc:isii*nally  cross,  though 
perhaps  in  some  cases  only  at  long  intervals  of  time.^^  I 
will  merely  recall  the  fact  that  many  plants,  though  herma- 
phrodite in  structure,  are  unisexual  in  function; — such  as 
thode  called  by  C.  K.  Sprengel  dichoffamons,  in  which  the 
pollen  and  stigma  of  the  same  flower  ai'e  matured  at  different 
periods ;  or  those  called  by  me  reciprocally  dimorphic,  in  which 
the  flower's  own  pollen  is  not  fitted  to  fertilise  its  own 
stig^ma ;  or  again,  the  many  kinds  in  which  curious  mechani- 
cal contrivances  exist,  effectually  preventing  self -fertilisation. 
There  are,  however,  many  hermaphrodite  plants  which  are  not 
in  any  way  specially  constructed  to  favour  intercrossing,  but 
which  nevertheless  commingle  almost  as  freely  as  animals 
with  separated  sexes.  This  is  the  case  with  cabbages, 
radishes,  and  onions,  as  I  know  from  having  experimented  on 
them  :  even  the  peasants  of  Liguria  say  that  cabbages  must 
be  prevented  **  from  falling  in  love  "  with  each  other.  In 
the  orange  tribe,  Gallesio  ^'  remarks  that  the  amelioration  of 
the  various  kinds  is  checked  by  their  continual  and  almost 
regular  crossing.     So  it  is  with  numerous  other  plants. 

On  the  other  hand,  some  cultivated  plants  rarely  or  never 
intercross,  for  instance,  the  common  pea  and  sweet-pea 
{Laihyrus  odoraius);  yet  their  flowers  are  oerta*nly  adapted 
fbr  cross  fertilisation.  The  varieties  of  the  tomato  and 
aubergine  (Solanum)  and  the  pimenta  {Pimenfa  vulgaris/) 
are  said  ^^  never  to  cross,  even  when  gi  owing  alongside  one 
another.  But  it  should  be  observed  that  the^e  are  all  exotic 
plants,  and  we  do  not  know  how  they  would  behave  in  their 
native  country  when  visited  by  the  proper  insects.    With 

^*  With  respect  to  plants,  an  admir-  appenrcd  on  the  same  subject,  more 

able  essay  on  this  subject  (Die  Gesch-  especially  by  Hermann  lluUer  and 

lechter-V'crtheilung  bei  den  Pflanzen :  Delpino. 

1867)  has  been  published  by  Dr.  Hil-  *^  'Teoria  della  Riprodnsiooe  Vege- 

debrand,   who   arrives  at   the  same  tal,'  1816,  p.  12. 

|enoral  conclusions  as  I  have  done.  '*  Verlot,  *  Des  Yari^t^s,'  1865,  p. 

varioiis  other  treatises  have   since  72. 
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lespeot  to  the  common  pea,  I  haTe  *8oer*ained  tliat  it  is 
rwrelj  cro^Bed  in  this  country  owiii||r  to  premature  fertilis- 
ation. There  exist,  however,  some  plants  which  under  their 
natural  conditions  apfiear  to  be  always  self-fertilised,  ►uch  as 
the  Bee  Ophrys  (QpArys  apifera)  and  a  few  other  Orchids  ; 
yet  these  plants  exhibit  the  plainest  adaptations  for  cross- 
fertilisation.  Again,  some  few  plants  are  believed  to  produce 
only  closed  flowers,  called  clei^togene,  which  cannot  possibly 
be  crossed.  This  was  long  thought  to  be  the  case  with  thti 
Leerna  oryzoides,^''  but  this  grass  is  now  known  occasionally 
to  produce  perfect  flowers,  which  set  seed. 

Although  some  pltnts,  both  indigenous  and  naturalis*^d, 
rare'y  or  never  produce  flowers,  or  if  they  flower  never 
produce  seeds,  yet  no  one  doubts  that  ph^uerogamio  plants 
are  adapted  to  produce  flowers,  and  the  flowers  to  produce 
seed.  When  they  fail,  we  believe  that  such  pl«ntd  under 
difierent  conditions  would  perform  their  proper  function,  or 
that  they  formerly  did  so,  and  will  do  so  again.  On  analo- 
gous grounds,  I  believe  that  the  flowers  in  the  above  specified 
anomalous  cases  which  do  not  now  intercroHS,  either  would 
do  80  occasionally  under  different  conditions,  or  that  they 
formerly  did  so— the  means  for  aflecting  th'S  being  g^nera'ly 
still  retained — and  will  again  intercross  at  some  future 
period,  unless  indeed  they  become  extinct.  On  this  view 
alone,  matvy  points  in  the  structure  and  action  of  the  repro- 
ductive organs  in  hermaphrodite  plants  and  animals  ai'e  in- 
telligible,— for  instance,  the  fact  of  the  male  and  female  organs 
never  being  so  completely  enclosed  as  to  render  access  from 
without  impossible.  Hent^  we  may  conclude  that  the  most 
important  of  all  the  means  for  giving  uniformity  to  the  in- 
dividuals of  the  same  species,  namely,  the  capacity  of  oc- 
casionally intercrossing,  is  present,  or  has  been  formerly 
present,  with  all  organic  beings,  except,  perhaps,  some  of 
the  lowest. 

On  certain  Characters  noi  blending, — When  two  breeds  are  crossed 
their  characters  usuaily  become  intimately  fused  together;  but 

>'  Duval  JouTe,  '  Bull.  Soo.  Bot.      setting  seed,  see  Dr.  Aschenon  in '  Bot, 
d«!  Fraoce,'  torn,  x.,  1663,  p.   194.      Zeitung/  1864.  p.  350. 
With  respect  to  the  perfect  flowers 
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some  characters  refase  to  blend,  and  are  transmitted  in  an  nn- 
modified  8tat«  either  from  both  parents  or  from  one.  When  gzey 
and  white  mice  are  ixiired,  the  youn^  are  piebald,  or  pure  white  or 
grey,  bat  not  of  an  intermediate  tmt :  so  it  is  when  white  and 
common  collared  turtle-dovos  aie  paired.  In  breeding  Game  fowls, 
a  great  anthority,  Mr.  J.  Douglas,  remarios,  "  I  may  here  state  a 
"  strange  £ict :  if  you  cross  a  black  with  a  white  game,  you  get 
**  bircU  of  both  breeds  of  the  clearest  colour."  Sir  R.  Heron  crossed 
during  many  years  white,  black,  brown,  and  fawn-coloured  Angora 
rabbits,  and  never  once  got  these  colours  mingled  in  the  same 
animal,  but  oftcoi  all  four  colours  in  the  same  litter."  From  cases  like 
these,  in  which  the  colours  of  the  two  parents  are  transmitted  <niite 
separately  to  the  oflGBpring,  we  have  all  sorts  of  gradations,  leading 
to  complete  fusion.  I  will  give  an  instance :  a  gentleman  with  a 
fiftir  complexion,  light  hair  but  dark  eyes,  married  a  lady  with  dark 
hair  and  complexion :  their  three  childrcoi  have  very  light  hair,  but 
on  careful  seareh  about  a  dozen  black  hairs  were  foundscattered  in 
the  midst  of  the  light  hair  on  the  heads  of  all  three. 

When  turnspit  Sop  and  anoon  sheep,  both  of  which  haye  dwarfed 
limbs,  are  crossed  with  common  breeds,  the  oflspring  are  not  inter- 
mediate in  structure,  but  take  after  either  parent  When  tailless  or 
hornless  animals  are  crossed  with  perfect  animals,  it  frequently,  but 
by  no  means  inyariably,  happens  that  the  oSapring  are  either 
famished  with  these  organs  in  a  perfect  state,  or  are  quite  destitute 
of  them.  According  to  Rengger,  the  hairless  condition  of  the 
Paraguay  dog  is  either  perfectly  or  not  at  all  transmitted  to  its 
mongrel  oifepring;  but  I  hay e  seen  one  partial  exception  in  a  dog 
of  this  parentage  which  had  part  of  its  skin  hairy,  and  part  naked, 
the  jports  being  distinctly  separated  as  in  a  piebald  animal.  When 
Dorking  fowls  with  fiye  toes  are  crossed  with  other  breeds,  the 
cliickens  often  have  fiye  toes  on  one  foot  and  four  on  the  other. 
Some  crossed  pigs  raised  by  Sir  R.  Heron  between  the  solid-hoofed 
and  common  pig  had  not  aU  four  feet  in  an  intermediate  condition, 
but  two  feet  were  furnished  with  properly  divided,  and  two  with 
united  hoofe. 

Analogous  facts  have  been  obseryed  with  plants :  ll^jor  Treytn; 


>•  Extract  of  m  letUr  from  Sir  R. 
Heron,  1838,  given  me  by  Mr.  Tarrell. 
With  respect  to  mice,  tee  *  Annal.  des 
So.  Nat.,'  torn.  i.  p.  180;  and  I  have 
heard  of  other  similar  ca^es.  For 
tnrile-doTes,  Boitard  and  Corbid,  <  Les 
Pigeons,'  &c.,  p.  238.  For  the  Game 
foir),  *The  Poultry  Book,'  1866,  p. 
128.  For  crosses  of  tailless  fowU, 
fos  Beahstein,  *Katarge!>.  Deutsch.' 
b.  iii.  s.  403.  Bronn,  <Geschichte 
der  Natar,'  b.  ii.  s.  170,  gives  analo- 
gous facts  with  horses.     Ob  the  hair- 


less oonditloB  of  crossed  South  Ameri 
can  dogs,  sm  Reagger,  *  Sftngethiere 
Ton  Paraguay,'  s.  152 :  but  I  saw  in 
the  Zoological  Gardens  mongrels, 
from  a  similar  cross,  which  were 
hairless,  quite    hairy,  or    hairy  in 

Fatches,  that  is,  piebald  with  hair, 
or  crosses  of  £k>rking  and  other 
fowls,  9e$  <  Poultry  Chronicle,'  rol.  ii 
p.  355.  About  the  crossed  pigs,  ex- 
tract of  letter  from  Sir  R.  Heron  t« 
Mr.  f  arreli.  For  other  cases,  tte  P 
Lucas,  *  VVL4a^  Nat.*  torn.  i.  p.  312 
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Clarke  croond  tke  little,  glahrooB-ieaTed,  anniud  sloek  (Mathioh\ 
with  poUen  of  e  large,  red-flowered,  rough^leeTed,  bjennjal  stock, 
called  eocardMu  by  the  French,  and  the  reanit  was  that  half  the 
'»«ft^i«"gF  had  glabcooa  and  the  other  half  rough  leafea,  bat  none 
had  leaTca  in  an  intermediate  state.  That  the  glabroiu  aeedlinga 
were  the  product  of  the  rough-leaTed  variety,  and  not  aecidentalljr 
€i  the  mother-plant's  own  pollen,  was  shown  bj  their  tall  and 
strong  habit  of  growth.**  In  the  sucoeeding  generations  raised 
from  the  ron^-leaTed  crossed  seedUngSi  some  glabrous  plants 
appeared,  showing  that  the  glabrous  character,  though  incapable 
of  blending  with  and  modifying  the  rough  leaves,  was  all  the  time 
latent  in  this  fiunily  of  plants.  The  numerous  plants  formerly 
referred  to,  which  I  raised  from  reciprocal  crosses  between  the 
peloric  and  oomm<Ni  Antirrhinum,  oiler  a  nearly  parallel  case ;  for 
in  the  first  generation  all  the  plants  resembled  the  common  form, 
and  in  the  next  generation,  out  of  one  hundred  and  thirty-seven 
plants,  two  alone  were  in  an  intermediate  condition,  the  others 
perfectly  resembling  either  the  peloric  or  common  form.  Major 
Trevor  darlra  also  fertiliaed  the  above-mentioned  red-flowered 
stock  with  pollen  from  the  purple  Queen  stock,  and  about  half  the 
seedlings  scarcely  differed  in  habit,  and  not  at  all  in  the  red  colour  of 
the  flower,  from  the  mother-plant,  the  other  half  bearing  blossoms 
of  a  rich  purple,  closely  Uke  those  of  the  paternal  plant  Qartner 
croflsed  many  white  and  yellow-flowered  species  and  varieties  of 
Yerbaseum;  and  these  colours  were  never  blended,  but  the  off- 
B{«ng  bore  either  pure  white  or  pure  yellow  blossoms ;  the  former 
in  the  larger  proportion.*^  Dr.  Herbert  raised  many  seedlings,  as 
he  informed  me,  from  Swedish  turnips  crossed  by  two  other 
varieties,  snd  these  never  produced  flowers  of  an  intermediate  tint, 
but  always  like  one  of  their  parents.  I  fertilised  the  purple  sweet- 
pea  (LMyrtii  odaratut),  which  has  a  dark  reddish-purple  standard- 
petal  and  violet-coloured  wings  and  keel,  with  pollen  of  the  painted 
lady  sweet-pea,  which  has  a  pale  cheny-coloured  standara,  and 
almost  white  wings  snd  keel;  and  from  the  same  pod  I  twice 
raised  plants  perfectiy  resembling  both  sorts;  the  greater  number 
resembling  the  fikther.  So  perfect  was  the  resemblance,  that  I 
should  have  thought  there  had  been  some  mistake,  if  the  plants 
which  were  at  first  identical  with  the  paternal  variety,  namefy,  the 
painted-lady,  had  not  later  in  the  season  produced,  as  mentioned  in 
a  former  chapter,  flowers  blotched  and  streaked  with  dark  purple. 
I  raised  grandchildren  and  gieat-graDdcbildren  from  these  crossed 
plants,  and  tiiey  continued  to  resemble  the  painted-lady,  but 
during  later  generations  became  rather  more  blotched  with  purple, 
yet  none  reverted  completely  to  the  original  mother-plant,  the  purple 

'*  '  InttfBAt.  Hort.  aad  Bot.  Con-  dUte  tint*  from  similar  crotMi  in  th« 

gr<M  of  London,'  1S66.  genoi  Verbaacum.     With  rw|Mct  to 

**  'Bwtardeneagung,'     •.     307.  the  tornipt,  «m  Herbort't 'AmarylU- 

KAlraaier  (*Dritt«  FortMUxung/  i.  daoMK,'  1S37,  p.  370. 
M^  39X  howavor,  obtained  interma- 
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Dweet-pea.  The  following  case  is  slightly  different,  bat  still  shows  the 
fame  principle :   Naudin^  raisiHl  ntunerous  hybrids  between  the 
yellow  Li/tan'a  vulgaris  and  the  purple  L.  purpurea,  and  during 
three  sucoessivd  generations  the  oolonrs  kept  distinct  in  different' 
parts  of  the  same  flower. 

.  From  cases  such  as  the  foregoing,  in  which  the  offspring  of  the  first 
generation  perfectly  resemble  either  parent,  we  come  by  a  small 
step  to  those  cases  in  which  diffierently  coloured  flowers  boxne  on 
the  same  root  resemble  both  parents,  and  by  another  step  to  tboso 
in  which  the  same  flower  or  fruit  is  striped  or  blotched  with 
the  two  parental  colours,  or  bears  a  single  stripe  of  the  colour  or 
other  characteristic  quality  of  one  of  thu  parent-forms.  With  hybrids 
and  monprels  it  frequently  or  even  generally  happens  that  one  part 
of  the  body  resembles  more  or  less  closely  one  parent  and  another 
part  the  other  parent ;  and  here  again  some  resistence  to  fusion,  or, 
what  comes  to  the  same  thing,  some  mutual  affinity  between  the 
organic  atoms  of  the  same  nature,  apparently  comes  into  play,  for 
otherwise  all  parts  of  the  body  would  be  equally  intermediate  in 
character.  '  So  again,  when  the  ofi&pring  of  hybrids  or  mongrels, 
Avhich  are  themselves  nearly  intermediate  in  character,  revert  either 
wholly  or  by  segments  to  their  ancestors,  the  principle  of  the 
affinity  of  similar,  or  the  repulsion  of  dissimilar  atoms,  must  come 
into  action.  To  this  principle,  which  seems  to  be  extremely  general, 
we  shall  recur  in  the  chapter  on  pangenesis. 

It  is  remarkable,  as  has  been  strongly  insisted  upon  by  Isidore 
6eoffix>y  St  Hilaire  in  regard  to  animals,  that  the  transmission  of 
characters  without  fusion  occurs  very  rarely  when  splcies  are 
crossed ;  I  know  of  one  exception  alone,  namely,  with  the  hybrids 
naturally  produced  between  the  common  and  hooded  crow  (Corvus 
corone  and  comix),  which,  however,  are  closely  allied  species, 
differing  in  nothing  except  colour.  Nor  have  I  met  with  any  well- 
asoei*tained«oases  of  transmission  of  this  kind,  even  when  one  form 
is  strongly  prepotent  over  another,  when  two  races  are  crossed 
which  have  been  slowly  formed  by  man's  selection,  and  therefore 
resemble  to  a  certain  extent  natural  species.  Such  cases  as  puppies 
in  the  same  litter  closely  resembling  two  distinct  breeds,  are 
probably  duo  to  superfoetation,— that  is,  to  the  influence  of  two 
fathers.  All  the  characters  above  enumerated,  which  are  trans- 
mitted in  a  perfect  state  to  some  of  the  oSspring  and  not  to  othera, 
— such  as  distinct  colours,  nakedness  of  skin,  smoothness  of  leaves, 
absence  of  horns  or  tail,  additional  toes,  pcloiism,  dwarfed  structure, 
&c., — have  all  been  known  to  appear  suddenly  in  individual  animals 
and  plants.  From  this  fact,  and  from  the  several  slight,  aggregated 
differences  which  distinguish  domestic  races  and  species  &>m  one 
another,  not  being  liable  to  this  peculiar  form  of  transmission,  we 
may  conclu  ^e  that  it  is  in  some  way  connected  with  the  sudden 
appearance  of  the  characters  in  question. 


*^  *  NovveUcs  Arching  du  Mmt^noiy*  torn.  i.  p.  tOC^ 
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On  ike  Modificaium  of  old  Bace»  and  the  Formation  of  now 
Baces  by  Crouing. — We  liave  hitherto  chiefly  conaidered  the 
efftKSts  of  crossing  in  giving  uniformity  of  character;  wo 
mnst  now  look  to  an  opposite  result.  There  can  be  no  doubt 
that  crussing,  with  the  aid  of  rigorous  s  lection  during 
several  geuerntions,  has  been  a  potent  meanH  in  modifying 
old  races,  and  in  forming  new  ones.  Lord  Orford  crossed  his 
famous  stud  of  greyhounds  once  with  the  bulldog,  in  order  to 
give  them  courage  and  perseverance.  Certain  pointers  have 
been  crossed,  as  I  hear  from  the  Rer.  W.  D.  Fox,  with  the 
foxhound,  to  give  th^m  dash  and  speed.  Certain  strains  ot 
Dorking  fowls  have  had  a  slight  infusion  of  G»«me  blood ; 
and  I  have  known  a  grt* at  fancier  who  on  a  single  occasion 
crossed  his  turbit-pigeons  wiih  barbs,  for  the  sake  of  gaining 
greater  breadth  of  beak. 

In  the  foregoing  cases  breeds  have  been  crossed  onco,  for 
th"^  sake  of  modifying  some  particular  character;  but  with 
most  of  the  improved  races  of  the  pig.  which  now  breed  tru  •, 
there  have  be.n  repeated  crosses, — for  instinoe,  the  improved 
Essex  owes  its  excellence  to  repeated  crosses  with  the  Neapo- 
litan, together  probably  with  some  infusion  of  Chinese  blood.  ^^ 
So  with  our  British  bheep :  almost  all  the  races,  except  the 
Southdown,  have  be-  n  largely  crossed ;  '*  this,  in  ftict,  has 
been  the  history  of  our  principal  breeds."*®  I'p  give  an 
exMmple,  the  ^*  Oxfordshire  Downs  "  now  rank  as  an  estab- 
lished breed.**  They  wt-re  produced  about  the  year  1830  by 
crossing  **  Hampshire  and  in  some  instances  Southdown  ewes 
with  Cotswold  rams : "  now  the  Hampshire  mm  was  itself 
produced  by  repeated  crosses  between  the  native  Hampshire 
sheep  and  Southdowns ;  and  the  long-woolled  Cotswold  were 
improved  by  creates  with  tha  Leicenter,  which  latt  r  agan  is 
believed  to  have  been  a  crosi  between  several  long-woolled 
sheep.      Mr.   Spooner,  after .  considering  the  various  cases 

**  Richardson,  *  Pigs,'  1847«  pp.  37,  part  ii. :   tee  also  an  equally  good 

42 ;  S.  Sidney's  edition  of  *  Youatt  on  article  by  Mr.  Ch.  Howani,  in  *  Gar- 

the  Pig,'  1860,  p.  3.  doner's  Cbrouicle,'  1860,  p.  320. 

**  SoeUr,  W.  C.  Spooner's  eicel-  **  '  Qardejcr's  Chronicle,' 1857,  p^. 

Uat  paper  on  Cross-Breeding,  '  Jour-  649,  662. 
■nl  Boyal  AgricnlL  Soc.*  toL  xx»^ 
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which  have  been  oarefuUy  recorded,  concludes,  ^  that  from  a 
judicioufl  piiiring  of  crosa-bred  aniroak  it  is  prdcticable  to 
establivh  a  new  breed."  On  the  continent  the  history  of 
several  crossed  races  of  cattle  and  of  other  animals  has  been 
well  ascertained.  To  give  one  instance :  the  King  of  Wurtem- 
burg,  after  twenty-five  years'  careful  breeding,  thot  is,  after 
six  or  seven  generations,  made  a  new  breed  of  cattle  from  a 
cro<s  between  a  Dntch  and  a  Swiss  breed,  combined  with  other 
breeds.'*  The  Sebright  bantam,  which  breeds  as  true  as  any 
other  kind  of  fowl,  was  formed  about  sixty  years  ago  by  a 
complicated  crot»s.'*  Dark  Brahmas,  which  are  believed  by 
^ome  fanciers  to  constitute  a  distinct  species,  wei^  un- 
doubtedly formed'^  in  the  United  States,  within  a  recent 
period,  by  a  cross  between  Chittagongs  and  Cochins.  With 
plants  there  is  little  doubt  that  the  Swede-turnip  oiiginated 
from  a  cross ;  and  the  history  of  a  variety  of  wheat,  raised 
from  two  very  distinct  variet'cs,  and  which  after  six  years' 
culture  presented  an  even  hample,  has  been  recorded  on  good 
authority.*' 

Until  lately,  cautious  and  experienced  breeders,  though 
not  averse  to  a  single  infusion  of  foreign  blood,  were  al- 
most universally  cunvinced  that  the  attempt  to  establish  a 
new  race,  intermediate  between  two  widely  distinct  races, 
was  hopeless :  *'  they  clung  with  superstitious  tenacity  to  the 
^  doctrine  of  purity  of  blood,  believing  it  to  he  the  ark  in 
^*  which  alone  true  safety  could  be  found."  ^  Nor  was  this 
conviction  unreasonable :  when  two  distinct  races  are  crossed, 
the  ofl'spring  of  the  first  generation  are  generally  nearly  uni- 
form in  character ;  but  even  this  sometimes  fails  to  be  the 
case,  especially  with  crossed  dogs  and  fowls,  the  young  of 
which  from  the  first  are  sometimes  much  diversified.  As 
cross-bred  animals  are  generally  of  large  size  and  vigorous, 
they  have  been  raided  in  great  numbers  for  immediate  con- 
sumption.   But  for  breeding  they  are  found  utterly  useless ; 

M  <  Balletin  do  U  Soc  d'Aoclimat.,'  *'  *  Thu  Poaltrj  Book,'  bj  W.  B. 

1862,  torn.  ix.  p.  463.     See  also,  for  Tegetmei«r,  1866,  p.  58. 

other  caMs,  MM.  Moll  and    Gayot,  **  'Gardener's    Chronicle,'    1852, 

«  Du  BcBuf,'  1860,  p.  zzxii.  p.  765. 

**  *  Poultry    Chronicle,'    toI.    ii.,  "  Spooner,  in  *■  Jonrnal  Roral  Agri> 

1854^  p.  36.  cult.  Soc.,'  vol.  xz.,  part  U. 
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for  thongh  the}'  may  themaelree  be  uniform  in  chanoter, 
they  yield  during  many  generationif  astonishingly  diveraified 
ofibpring.  llie  breeder  is  driTen  to  despair,  and  condudes 
that  he  will  never  form  an  intermediate  race.  But  from  the 
cases  already  g^yeOy  and  from  others  which  have  been  re- 
corded, it  appears  that  patience  alone  is  necessary;  as  Mr. 
Spooner  remarks,  **  nature  opposes  no  barrier  to  soooessful 
admixture ;  in  the  coarse  of  time,  by  the  aid  of  selection  and 
carefnl  weeding,  it  is  practicable  to  establish  a  new  breed.** 
After  six  or  seven  generations  the  hoped-for  result  will  in 
most  cases  be  obtained ;  but  even  then  an  occasiomJ  reversion, 
or  failure  to  keep  tme,  may  be  expected.  The  attempt, 
however,  will  assuredly  fail  if  the  conditions  of  life  be 
decidedly  nnfavonrable  to  the  characters  of  either  parent- 
breed.^ 

Although  the  grandchildren  and  succeeding  generations 
of  cross-bred  animals  are  generally  variable  in  an  extreme 
degree,  some  curious  exceptions  to  the  rule  have  been  observed 
both  with  crossed  races  and  species.  Thus  Boitard  and 
Corbi6  '^  assert  that  from  a  Puuter  and  a  Bunt  "  a  Cavalier 
will  appear,  which  we  have  classed  amongst  pigeons  of  pure 
race,  because  it  transmits  all  its  qualities  to  its  ponterity." 
The  editor  of  the  '  Poultry  Chronicle '  ^'  bred  some  bluish 
fowls  from  a  black  Spanish  cock  and  a  Malay  hen ;  and  these 
remained  true  to  colour  *'  generation  after  generation."  The 
Himalayan  breed  of  rabbits  was  certainly  formed  by  crossing 
two  sub-varieties  of  the  silver-grey  rabbit ;  although  it  sud- 
denly assumed  its  present  character,  which  differs  much  from 
that  of  either  parent-breed,  yet  it  has  ever  since  been  easily 
and  truly  propag^ated.  I  crossed  some  Labrador  and  Penguin 
ducks,  and  recrossed  the  mongrels  with  Penguins ;  afterwards 
most  of  the  ducks  reared  during  three  generations  were  nearly 
uniform  in  character,  being  brown  with  a  white  crescentio 
mark  on  the  lower  part  of  the  breast,  and  with  some  white 
spots  at  the  base  of  the  beak ;  so  that  by  the  aid  of  a  little 
selection  a  new  breed  might  easily  have  been  formed.    With 

^  Sm   Colin't  <TraiU    d«    Phjc.       well  treated. 
Comp.    dee    Animanx   DomeeUqaee,'  "  '  I-ee  IMgeons,' p.  37. 

leni.  a.  p.  &3S,  where  this  rabject  ie  *■  Vol.  i.,  1854,  p.  101. 
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ro.u:aril  to  cromed  varieties  of  plants,  Mr.  Beaton  remarks  ^ 
that  "  Melville's  extraordinary  cross  between  the  Scotch  kale 
and  an  early  cabbage  in  as  true  and  genuine  as  any  on  record  ;* 
but  in  this  case  no  doubt  selection  was  practised,  (partner  ^* 
has  given  five  CHses  of  hybrids,  in  which  the  progeny  kept 
constant ;  and  hybrids  between  Dianihtu  armeria  and  deUoid^i 
remiiined  true  and  uniform  to  the  tenth  generation.  Dr. 
Herbert  likewise  showed  me  a  hybrid  from  two  species  ot 
Loasa  which  from  its  first  production  had  kept  constant 
during  several  generations. 

We  have  heen  in  the  first  chapter,  that  the  several  kinds 
of  dogs  are  almost  certainly  descended  from  more  than  one 
species,  and  so  it  is  with  cattle,  pi^s  and  some  other  domesti- 
cated animals.  Hence  the  crossing  of  aboriginally  distinct 
hpecies  pri»bably  came  into  play  at  an  early  period  in  the 
formation  of  our  present  races.  From  Btitimeyer'H  observa- 
tions there  can  be  little  doubt  that  this  occurred  with  cattle ; 
but  in  most  cases  one  form  will  probably  have  absorbed  and 
obliterated  the  ether,  for  it  id  not  likely  thit  semi-civilized 
men  would  haye  taken  the  neceBs^iry  pains  to  modify  by 
selection  their  commingled,  crossed,  and  fluctuating  stock. 
Nevertheless,  those  animals  which  were  best  adapted  to  their 
conditions  of  life  would  have  survived  through  natural 
selection;  and  by  this  means  oroKsing  will  often  have  in- 
directly aided  in  the  formation  of  primeval  domesticated 
breeds.  Within  recent  times,  as  far  as  animals  are  concerned, 
the  crossing  of  distinct  species  has  done  little  or  nothing  to- 
wards the  formation  or  modification  of  our  races.  It  is  not  yet 
known  whether  the  several  species  of  silk-moth  which  have 
been  recently  crossed  in  France  will  yield  permanent  races. 
With  plants  which  can  be  multiplied  by  buds  and  cuttingx, 
hybridisation  has  done  wonders,  as  with  many  kinds  of  Bokcs, 
Hhododendrons,  Pelargoniums,  Calceolarias,  and  Petunias. 
Nearly  all  these  plants  can  be  piopagated  by  seed,  most  of 
them  freely ;  but  extremely  few  or  none  oom<^  true  by  seed. 

Some  authors  believe  that  crossing  is  the  chief  cause  of 
variability, — that  is,  of  the  appearance  of  absolutely  new 

**  *  Cottage    Gardener,'    1856,    p.  >«  *  Bactardenegung,'  s.  553. 
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charaoten.  Some  have  gone  so  far  as  to  look  at  it  as  the 
sole  cause;  bat  this  concliision  is  disproved  by  the  facts 
given  in  the  chapter  on  Bud-variation.  The  belief  that 
characters  not  present  in  either  parent  or  in  their  ancestors 
fireqnently  originate  from  crossing  is  doubtfnl;  that  they 
occasionally  do  so  is  probable ;  but  this  subject  will  be  more 
conveniently  discussed  in  a  future  chapter  on  the  causes  of 
Variability. 

A  condensed  summary  of  this  and  of  the  three  following 
chapters,  together  with  some  remarks  on  Hybridism,  will  be 
given  in  the  nineteenth  chapter. 
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CHAPTEB  XVI. 

C4UaB8     It  RICH     nmiRFERE     WITII     THB    FKEB     CROSSOTO     OF 
VARlBTiSS— INFLUBNCK  OF  DOMUSTICATION  ON   FERTILITY. 

DnnrJOULTIES  in  JCDGINO  of  THB  FEBTILITT  of  YARIETIES  when  CB09SEO 
— ^VARIOUS  OAVBES  WHICH  KEEP  TARDETISB  DISTINCT,  AS  THK  PERIOD 
OP  BREEDINO  AND  SEXUAL  fREFB RENOS— TARICriES  OF  WHEAT  SAID  TO 
BE  STERILE  WHEN  CROSSED — VARIETIES  OF  HAIZE,  VERBA8CUM,  HOLLY- 
BOCK,  GOURDS,  MELONS,  AND  TOBAOOO,  RENDERED  IN  SOME  DBGREB 
MUTUALLY  STERILE — DOMESTICATION  ELIMINATES  THE  TENDENCY  lO 
STERILITY  NATURAL  TO  SKBCIES  WHEN  CROSSED— ON  THE  INCREASED 
FBRTU.ITY  OF  UNCROSSED  ANIMALS  AND  PLANTS  FROM  DOMBSTICATIOV 
AND  CULTIVATION. 

Tub  domesticated  races  of  both  animals  and  plants,  when 
crossed,  are,  with  extremely  few  exceptions,  quite  prolific, — in 
some  cases  even  more  so  than  the  pnrely-Lred  parent-races. 
'J'he  offspring,  also,  raised  from  such  crosses  are  likewise,  as 
we  shall  see  in  the  following  chapter,  generally  more  vigorous 
and  fei'tile  than  their  parents.  On  the  other  hand,  species 
when  crossed,  aod  their  hybrid  offiapring,  are  almost  invariably 
in  some  degree  sterile ;  and  here  there  seems  to  exist  a  broad 
and  insuperable  distinction  between  races  and  species.  The 
importance  of  thi^  bubject  as  bearing  on  the  origin  of  species 
is  obvious ;  and  we  shall  hereafter  reonr  to  it. 

It  is  unfortunate  how  few  precise  obson-ations  have  beea 
made  on  the  fertility  of  mongrel  animals  and  plants  during 
several  successive  generations.  Dr.  Broca^  has  remarked 
that  no  one  has  observed  whether,  for  instanoe,  mongrel  dogs^ 
bred  inter  se,  are  indefinitely  fertile ;  yet,  if  a  shade  of  in- 
fertility be  detected  by  carehil  observation  in  the  offspring  of 
natural  forms  when  crossed,  it  is  thought  that  their  specific 
distinction  is  proved.  But  so  many  breeds  of  sheep,  cattle, 
pigs,  dogs,  and  poultry,  have  been  crossed  and  recrossed  in 
various  ways,  that  any  sterility,  if  it  had  existed,  would  from 
injurious  almost  certainly  have  been  observed.     I« 

^  <  Journal  ie  Physiolog.,'  torn.  iL,  1859,  p.  365. 
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invertigating  ilie  fertilitj  of  oroMed  yarieties  many  sooroes  of 
doubt  oooan  Whenever  the  least  trace  of  sterility  between 
two  plants,  however  closely  allied,  was  observed  by  Kolieuter, 
and  more  especially  by  6&rtner,  who  counted  the  exact  num- 
ber of  seed  in  each  capsule,  the  two  forms  were  at  onoe  ranked 
as  distinct  species ;  and  if  this  rule  be  followed,  assuredly  it 
will  never  be  proved  that  varieties  when  cro>sed  are  in  any 
degree  sterile.  We  have  formerly  seen  that  certain  breeds  of 
dogs  do  not  readily  pair  together ;  but  no  obBervatir»n8  have 
been  made  whether,  when  paired,  they  produce  the  full 
number  of  young,  and  whether  the  latter  are  perfectly  fertile 
inter  se ;  but,  supposing  that  some  degree  of  sterility  were 
found  to  exist,  naturalistn  would  simply  infer  that  those 
breeds  were  descended  from  aboriginally  distinct  species ;  and 
it  would  be  scarcely  possible  to  ascertain  whether  or  not  thid 
explanation  was  the  true  one. 

The  Sebright  Bantam  is  much  less  prolific  than  any  other 
breed  of  fowls,  and  is  descended  from  a  cross  between  two 
very  dintinct  breeds,  rocrossed  by  a  third  sub-variety.  But  it 
would  be  extremely  rash  to  infer  that  the  loss  of  fertility  wa^ 
in  any  manner  connected  with  its  crossed  origin,  for  it  mav 
with  more  probability  be  attributed  either  to  long-continued 
close  interbreeding,  or  to  an  innate  tendency  to  8ti*rility 
correlated  with  the  absence  of  hackles  and  sickle  tail-feathers. 

Before  giving  the  few  reoorded  cases  of  forms,  which  must 
be  ranked  as  varieties,  being  in  some  degree  sterile  when 
crossed,  I  may  remark  that  other  causes  sometimes  interfere 
with  varieties  freely  intercros»ing.  Thus  they  may  differ  too 
greatly  in  size,  as  with  some  kinds  of  dogs  and  fowls :  for 
instance,  the  editor  of  the  '  Journal  of  Horticulture,  &c.,'  ^ 
says  that  he  can  keep  Bantams  with  the  larger  breeds  without 
much  danger  of  their  crossing,  but  not  with  the  smaller 
breeds,  such  as  Games,  Hamburgn,  &o.  With  plants  a 
difference  in  the  period  of  flowering  serve-s  to  keep  varieties 
distinct,  as  with  the  various  kinds  of  maize  and  wheat :  thus 
Colonel  Le  Couteur  ^  remarks,  **  the  Talavera  wheat,  from 
flowering  much  earlier  than    any   other  kind,  is  sure  to 

*  Dee.  18  *),  p.  484.  *  On  *  The  Varieties  of  Wheat/  p.  6«» 
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oontinue  pure."  In  different  parts  of  the  Falkland  IslandB 
the  cattle  are  breaking  up  into  herds  of  different  oolouis ; 
and  those  on  the  higher  ground,  which  are  generally  white, 
usually  breed,  as  I  am  informed  by  Sir  J.  Sulivan,  thn^ 
months  earlier  than  those  on  the  lowland ;  and  this  would 
manifestly  tend  to  keep  the  herds  from  blending. 

Certain  domestic  races  seem  to  prefer  breeding  with  their 
0¥m  kind ;  and  this  is  a  fact  of  some  importance,  for  it  is  a  step 
towards  that  instinctive  feeling  which  helps  to  keep  closely 
allied  species  in  a  state  of  nature  distinct.  We  have  now 
abundant  evidence  that,  if  it  were  not  for  this  feeling,  many 
more  hybrids  would  be  naturally  produced  than  in  this  case. 
We  have  seen  in  the  first  chapter  that  the  alco  dog  of  Mexico 
dislikes  dogs  of  other  breeds;  and  the  hairless  dog  of 
Paraguay  mixes  less  readily  with  the  European  races,  than 
the  latter  do  with  each  other.  In  Germany  the  female  Spitz- 
dog  is  said  to  receive  the  fox  more  readily  than  will  other 
dogs;  a  female  Australian  Dingo  in  England  attracted  the 
wild  male  foxes.  But  these  differences  in  the  sexual  instinct 
and  attractive  power  of  the  various  breeds  may  be  wholly 
due  to  their  descent  from  distinct  species.  In  Paraguay  the 
horses  have  much  freedom,  and  an  excellent  observer  ^  believes 
that  the  native  horses  of  the  same  colour  and  size  prefer 
associating  with  each  other,  and  that  the  horses  which  have 
been  imported  from  Entre  Bios  and  Banda  Oriental  into 
Paraguay  likewise  prefer  associating  together.  In  Circassia 
six  sub-races  of  the  horse  have  received  distinct  names;  and 
a  native  proprietor  of  rank*  asserts  that  horses  of  three  of 
these  races,  whilst  living  a  free  life,  almost  always  refuse  to 
mingle  and  crotts,  and  will  even  attack  one  another. 

It  has  been  observed,  in  a  district  stocked  with  heavy 
Lincolnshire  and  light  Norfolk  sheep,  that  both  kinds,  though 
bred  together,  when  turned  out,  "  in  a  short  time  separate  to 
a  sheep ; "  the  Linoolnshires  drawing  off  to  the  rich  soil,  and 
the  Norfolks  to  their  own  dry  light  soil ;  and  as  long  as  there 
is  plenty  of  grass,   *'the  two  breeds  keep  themselves  as 

*  Rengger, '  S&ngethiere  von  Para-      and  De  Qoatrefages,  in  '  Dull.  Soc. 
faay/  s.  336.  d'Accllmat.,'  torn,  riii.,  July,  1861, 

*  See  a  mnmoir  by  MM.  Lherbette      p.  312. 


Our.  XVL  THE  CROSSING  OF  VARTKTIES.  81 

distinct  as  rooks  and  pigeons.'*  In  this  case  different  habits 
of  life  tend  to  keep  the  races  distinct.  On  one  of  the  Faroes 
^'skinds,  not  more  than  half  a  mile  in  diameter,  the  half-wild 
native  black  sheep  are  said  not  have  readily  mixed  with  tht* 
imported  white  sheep.  It  is  a  more  curious  fact  that  the 
semi-monstrous  ancon  sheep  of  modem  origin  "have  been 
obsei-ved  to  keep  together,  separating  themselves  from  the 
rest  of  the  flock,  when  put  into  enclosures  with  othei  sheep. "'^ 
AVith  respect  to  fallow-deer,  which  live  in  a  semi  domesti- 
cated condition,  Mr.  Bennett '  states  that  the  dark  and  pale 
culoured  herds,  which  have  long  been  kept  together  in  tlio 
Forest  of  Dean,  in  High  Meadow  Woods,  and  in  the  New 
Forest,  have  never  l:)een  known  to  mingle :  the  dark -coloured 
deer,  it  may  be  added,  are  believed  to  have  been  first  bi  ought 
by  James  I.  fiom  Norway,  on  account  of  their  greater 
hardiness.  I  impoi-ted  from  the  island  of  Porto  Santo  two  of 
the  feral  rabbits,  which  differ,  as  described  in  the  fourth 
chapter,  from  common  rabbits;  both  proved  to  be  males, 
and,  though  they  lived  during  some  years  in  the  Zoological 
Gardens,  the  su|)eriutendent,  Mr.  Bartlett,  in  vain  endea- 
voured to  make  them  breed  with  various  tame  kinds;  but 
whether  this  refusal  to  breed  was  due  to  any  change  in  the 
instinct,  or  simply  to  their  extreme  wildiiess,  or  whether 
confinement  had  rendered  them  sterile,  as  often  occurs,  cannot 
be  determined. 

Whilst  matching  for  the  sake  of  experiment  many  of  the 
most  distinct  breeds  of  pigeons,  it  fnquently  appeared  to 
me  that  the  birds,  though  faithful  to  their  marriage  vow, 
retained  some  desire  after  their  own  kind.  Accordingly  I 
asked  Mr.  Wickiug,  who  has  kept  a  larger  stock  of  various 
breeds  together  than  any  man  in  England,  whether  he  thoiight 
that  they  would  prefer  pairing  with  their  own  kind,  suppos- 
ing that  there  were  males  and  females  enough  of  each ;  and 
he  without  hesitation  answered  that  he  was  convinced  that 

•  For  the  Norfolk  t»heep,  scv  Mar-  '  White's  '  Nat.  Hist,  of  Seibourne,' 

shall's  *Runil  Kconmiy  of  Noifoik,'  edited  by  Bennett,  p.  39.  With  re^tpect 

Tol.  ii.  p.  1S6.     See  Kev.  L.  Landt't  to   the   origin   of  the  dark-coloured 

'Description  of  Faroe,'  p.  6<j.     For  deer,  see  *Some  Account  of  JungUsili 

the  ancou  sneep,  see  *  I'iiil.  Transact.,'  J>eer  Park;),'  by  E.  P.  Shirley,  Emi. 
181  J,  p.  90. 
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this  was  the  case.  It  has  often  been  noticed  that  the 
dovecot  pigeon  seems  to  have  an  actual  aversion  towards  the 
several  fancy  breeds ;  *  yet  all  have  certainly  spmng  from  a 
common  progenitor.  The  Rev.  W.  D.  Fox  informs  me  that 
his  flocks  of  white  and  common  Chinese  geese  kept  distinct. 

These  facts  and  statements,  though  some  of  them  are 
incapable  of  proof,  resting  only  on  the  opiDion  of  experienced 
observers,  show  that  some  domestic  races  are  led  by  different 
habits  of  life  to  keep  to  a  certain  extent  separate,  and  that 
other-t  prefer  coupling  Tudth  their  own  kind,  in  the  same 
manner  as  s^jecies  in  a  state  of  nature,  though  in  a  much  less 
degice. 

With  respect  to  sterility  from  the  crossing  of  domestic  races,  I 
know  of  no  well-ascertained  case  with  animals.  This  fact,  seeing 
the  great  difference  in  structure  between  some  breeds  of  pigeons^ 
fowls,  pigs,  dogs,  &c.,  is  extraordinary,  in  contrast  with  the  sterility 
of  many  closely  allied  natural  species  when  crossed ;  but  we  shall 
hereafter  attempt  to  show  that  it  is  not  so  extraordinary  as  it  at 
fii'st  appears.  And  it  may  be  well  here  to  recall  to  mind  that  the 
amount  of  external  difference  between  two  species  is  not  a  safe  guide 
for  predicting  whether  or  not  they  will  breed  together,— some 
closely  allied  species  when  crossed  being  utterly  sterile,  and  others 
M'hich  are  extremely  unlike  being  moderately  fertile.  I  have  said 
that  no  case  of  sterility  in  crossed  ]*acos  rests  on  satisfactory  evi- 
dence; but  here  is  one  which  at  fii'st  seems  trustworthy.  Mr. 
Youatt,'  and  a  better  authority  cannot  be  quoted,  states,  that 
formerly  in  Lancashire  crosses  were  frequently  made  between 
longhom  and  shorthorn  cattle ;  the  first  cross  was  excellent,  but 
the  produce  was  uncertain ;  in  the  third  or  fourth  generation  the 
cows  were  bad  milkers ;  "  in  addition  to  which,  there  was  much 
uncertainty  whether  the  cows  would  conceive ;  and  full  one-third 
of  the  cows  among  some  of  these  half-breds  failed  to  be  in  calf.** 
This  at  first  seems  a  good  case :  but  Mr.  Wilkinson  states,'"  that  a 
breed  derived  from  tliis  same  cross  was  actually  established  in 
another  part  of  England ;  and  if  it  had  failed  in  fertility,  the  fact 
would  surely  have  been  noticed.  Moreover,  supposing  that  Mr. 
Youatt  had  proved  his  case,  it  might  be  argued  that  the  sterility 
was  wholly  due  to  the  two  parent-breeds  being  descended  from 
primordially  distinct  species. 

In  the  case  of  plants  Gartner  states  that  he  fertilised  thirteen 
heads  (and  subsequently  nine  others)  on  a  dwarf  maize  bearing 

•  *  The  Dovecote,'  by  the  Rev.  E.  S.  •  *  Cjittle,' p.  202. 

Miot.,   p.    155 ;  BechsUin,   « Natur-  **  Mr.  J.  Wilkinson,  in  *  Remarkk 

gesch.  Deutdchlands,*  Band  iv.,  1795,  addre»se.l  to  Sir  J   Sebright,"*  iSiM\ 

•.  17.  p.  '69, 
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sellov  seed"  with  pollen  of  a  tall  maize  haying  red  seed;  and  one 
Dead  alone  produced  good  seed,  but  only  five  in  number.  Though 
these  plants  are  monoBcious,  and  therefore  do  not  require  castration, 
yet  I  ahould  have  suspected  some  accident  in  the  manipulation,  had 
not  Gartner  expressly  stated  that  he  had  during  many  years  grown 
these  two  yarieties  together,  and  they  did  not  spontaneously  cross ; 
and  this,  considering  that  the  plants  are  monoecious  and  abouikl 
with  pollen,  and  are  well  known  generally  to  cross  freely,  seems 
explicable  only  on  the  belief  that  these  two  Tarieties  are  in  some 
degree  mutually  infertile.  The  hybrid  plants  raised  from  the  above 
fiye  seeds  were  intermediate  in  structure,  extremely  variable,  and 
perfectly  fertile."  In  like  manner  Prof.  Hildebrand"  could  not 
succeed  in  fertilising  the  female  flowers  of  a  plant  bearing  brown 
grains  with  poilen  from  a  certain  kind  bearing  yellow  grains; 
although  other  flowers  on  the  same  plant,  which  were  fertilised 
with  their  own  pollen,  yielded  good  seed.  No  one,  I  believe,  even 
suspects  that  these  varieties  of  maize  are  distinct  species ;  but  had 
the  hybrids  been  in  the  least  sterile,  no  doubt  Gartner  would  at 
once  have  so  classed  them.  I  may  here  remark,  that  with  undoubted 
species  there  is  not  necessarily  any  close  relation  between  the 
sterility  of  a  first  cross  and  that  of  the  hybrid  ofBspring.  Some 
species  can  be  crossed  with  facility,  but  produce  utterly  sterile 
hybrids;  others  can  be  crossed  with  extreme  difficulty,  but  the 
hybrids  when  produced  are  moderately  fertile.  I  am  not  aware, 
however,  of  any  instance  quite  like  this  of  the  maizo,  namely,  of  a 
first  cross  made  with  difficulty,  but  yielding  perfectly  fertile  hybrids." 
The  following  case  is  much  more  remarkable,  and  evidently  pcr^ 
plexed  Gartner,  whose  strong  wish  it  was  to  draw  a  broad  line  of 
distinction  between  species  and  varieties.  In  the  genus  Yerbascum, 
he  made,  during  eighteen  years,  a  vast  number  of  experiments,  and 
crossed  no  less  than  IO80  flowers  and  counted  their  seeds.  Many 
of  these  exi^eriments  consisted  in  crossing  white  and  yellow  varieties 
of  both  K.  lychnitis  and  V.  blaitaria  with  nine  other  species  and 
their  hybrids.  That  the  white  and  yellow  flowered  plants  of  i\ies4 
two  species  are  really  Tarieties,  no  one  has  doubtea ;  and  Gartner 
actually  raised  in  the  case  of  both  species  one  variety  from  the  seed  of 
the  other.  Now  in  two  of  his  works  '^  he  distinctly  asserts  that  crosses 
l>etween  similarly-coloured  flowers  yield  more  seed  than  between 
dissimilarly-coloured ;  so  that  the  yellow-flowered  variety  of  either 
species  (and  conversely  with  the  white-flowered  variety),  when 
crossed  with  pollen  of  its  own  kind,  yields  more  seed  than  when 


^'  *  Bastarderzeugcng,'  8.  87,  169. 
See  also  the  Table  at  the  end  of 
volume. 

"  *  Bastarderzeagnng/  s.  87,  577. 

"  *Bot.  Zeitung/  1868,  p.  327. 

'*  Mr.  Shirreff  formerly  thought 
;•  Gard.  Chron.,'  1858,  p.  77 1)  that  the 
cfiapring  from  a  cross  between  certain 


varieties  of  wheat  became  sterile  is 
the  fourth  generation ;  but  he  now 
fidmits  (*  Improvement  of  the  Cereals^ 
1873)  that  this  was  an  error. 

**  <  Kenntoiss  der  Befruchtung,'  i% 
137  ;  '  Bastarderzeugung,'  s.  92,  181. 
Od  raising  the  two  varieties  from  seed. 
Bee  s.  307. 
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2rassod  with  that  of  the  white  variety ;  and  so  it  is  when  dififerently 
euloured  species  are  crossed.  The  general  I'csults  may  be  seen  in  the 
Table  at  the  end  of  his  volume.  In  one  instance  he  gives  *^  the 
following  details;  but  I  must  premise  that  Gartner,  to  avoid  ex- 
iiggerating  the  degree  of  sterility  in  his  crosses,  always  compares  the 
nuiximum  number  obtained  from  a  cross  with  the  avei^f/e  numlxsr 
naturally  given  by  the  pure  mother-plant.  The  white  variety  of 
y.  lycfiuitis,  naturally  fertilised  by  its  onm  pollen,  gave  fi'om  an 
average  of  twelve  capsules  ninety-six  good  seeds  in  each;  whilst 
twenty  flowers  fertilised  with  pollen  from  tlio  yellow  variety  of  this 
same  species,  gate  as  the  moLximum  only  eighty-nine  good  seeds ;  so 
that  wo  have  the  proportion  of  1000  to  908,  according  to  Gartner's 
usual  scale.  I  should  have  thought  it  possible  that  so  small  a  difference 
in  fertility  might  have  been  accounted  for  by  the  evil  effects  of  the 
necessary  castration;  but  Gartner  shows  that  the  white  variety  of  V. 
lydniitis,  when  fertilised  first  by  the  white  variety  of  V,  hhutaria,  and 
then  by  the  yellow  variety  of  this  species,  yielded  seed  in  the  propor- 
tion of  622  to  438;  and  in  both  these  cases  castration  was  performed. 
Now  the  sterility  which  results  from  the  crossing  of  the  differently 
coloured  varieties  of  the  same  species,  is  fully  as  great  as  that  which 
occurs  in  many  cases  when  distinct  species  are  crossed.  Unfortu- 
nately Gartner  compared  the  results  of  the  first  unions  alone,  and 
not  the  sterility  of  the  two  sets  of  hybrids  produced  from  the  white 
variety  of  V,  lydinitis  when  fertilised  by  the  white  and  yellow 
varieties  of  V,  blaWtria,  for  it  is  probable  that  they  would  have 
differed  in  this  respect. 

Mr.  J.  Soott  has  given  me  the  results  of  a  series  of  experiments  on 
Vcrbascum,  made  by  him  in  the  Botanic  Gardens  of  Edinburgh.  ^^  He 
re])eated  some  of  Gartner's  experiments  on  distinct  species,  but 
obtained  only  fluctuating  results,  some  confirmatory,  the  greater 
number  oontradictory ;  nevertheless  these  seem  hardly  sufficient  to 
overthrow  the  conclusion  arrived  at  by  Gartner  from  experiments 
tried  on  a  larger  scale.  Mr.  Scott  also  exi)erimented  on  the  relative 
fertility  of  unions  between  similarly  and  dissimilarly-coloured 
yarieties  of  the  same  species.  Thus  he  fertilised  six  flowers  of  the 
yellow  variety  of  K.  lychnitls  by  its  own  pollen,  and  obtained  six 
capsules;  and  calling,  for  the  sake  of  comparison,  the  average 
number  of  good  seed  in  each  of  their  capsules  one  hundred,  he  found 
that  this  same  yellow  variety,  when  fertilised  by  the  white  variety, 
yielded  from  seven  capsules  an  average  of  ninety-four  seed.  On  the 
6<imo  principle,  the  white  variety  of  V,  lychnitit  by  its  own  pollen 
Ci'rom  six  capsules),  and  by  the  pollen  of  the  yellow  variety  (eight 
Cipsules),  yielded  seed  in  the  proportion  of  100  to  82.  The  yellow 
variety  of  K.  thapsus  by  its  own  pollen  (eight  capsules),  and  by 
that  of  the  white  variety  (only  two  capsules),  yielded  seed  in  the 
proportion  of  100  to  i)4.    Lastly,  the  white  variety  of  V,  Ualtaria 


**  *  BastarderzeuguDg/ s.  2l<>.  piihlishe;!  in  'Journ.  Asiatic  Soc.  cf 

*'  Th€    results    have    sinco    uoen       Ueng:iJ,'  ldo7,  p.  145. 
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l»y  its  own  pollen  (eight  caranle^),  anrl  by  that  of  the  yellow  variety 
(five  capeulee),  yielded  f^'cd  in  Die  proportion  ot  100  to  79.  So  tlmt 
m  every  case  the  unions  of  similarly-coloured  varieties  of  the  pan^u 
i^pedes  were  more  feilile  than  the  unions  of  diFsimilarly-colourcd 
varieties ;  when  all  the  oases  are  grouped  together,  the  difference  of 
fertility  is  as  ICO  to  86.  Some  additional  trials  were  n:ade,  and 
altogether  thir'y-six  similarly-coloured  unions  yielded  thirty-fivo 
good  capsules ;  whilst  thirty-five  dissimilarly- coloured  unions  yielded 
only  twenty-six  good  capsules.  Besides  the  foregoing  experiments, 
the  purple  V.  phanicenm  was  crossed  by  a  rose-coloured  and  a  white 
variety  of  the  Fame  ppecies;  there  t«o  varieties  were  also  crof^FcJ 
together,  and  there  several  unions  yielded  Icf^s  peed  than  V.  iho- 
nicttifn  by  its  ot\n  pollen.  Hence  it  follows  from  Mr.  Seott's  experi- 
ments, that  in  the  genus  Verbascum  the  similarly  and  dissimilarly- 
coloured  varieties  of  the  same  species  behave,  when  crossed,  like 
closely  allied  but  distinct  spedes/' 

This  remarkable  fot^t  of  the  sexual  affinity  of  similarly-coloured 
▼arieties,  as  observed  by  Gartner  and  Mr.  Scott,  may  not  be  of  very 
rare  occurrence;  for  the  subject  has  not  been  attended  to  by  othei*s. 
The  following  case  Ir  worth  giving,  partly  to  show  how  difficult  it 
is  to  avoid  error.  Dr.  Herl^rt"  has  remarked  that  variously- 
coloured  double  varieties  of  the  Hollyhock  (Atthea  rosea)  may  bo 
raised  with  certainty  by  seed  from  plants  gi'owing  close  together. 
I  have  been  informed  that  nureer}'mcn  who  raise  seed  for  sale  do 
not  separate  their  plants ;  accordingly  I  procured  seed  of  eighteen 
named  varieties;  of  these,  eleven  varieties  produced  sixty-two 
plants  all  perfectly  true  to  their  kind ;  and  seven  produced  forty- 
nine  plants,  half  of  which  were  true  and  half  false.    Mr.  Masters  of 


"  The  following  facts,  given  by 
Kolreuter  in  his  *  Drttte  Fortsetzung/ 
ss.  34,  ^{9,  npjienr  Ht  first  sight  strongly 
to  conHrm  Mr.  Scott's  and  Giirtner's 
statements ;  and  to  a  certain  limited 
extent  they  do  so.  Kolreuter  asserts, 
irom  innumerable  observations,  that 
insects  incessantly  carry  pollen  from 
one  species  and  vai-iety  of  Verbascum 
to  another;  and  I  can  confirm  this 
assertion ;  yet  he  found  that  the 
white  and  yellow  varieties  of  Verb<tS' 
cum  lychnUis  often  grew  wild  mingled 
together :  moreover,  he  cultivated 
these  two  varieties  in  considerable 
numbers  during  four  years  in  his 
garden,  and  they  kept  true  by  seed ; 
^ut  when  he  crossed  them,  they  pro- 
ioced  flowers  of  an  intermediate  tint. 
H(ince  it  might  have  been  thought 
diat^  both  varieties  must  have  a 
itrunger  elective  atfinity  for  the  pollen 


of  their  own  variety  than  for  that  of 
the  other ;  this  elective  affinity,  I 
may  add  of  each  species  for  its  own 
]>ollen  (Kolreuter,  *Dritte  Forts.*  s. 
<39,  and  (Jartner,  *  Bast^trderz.,  passiiti) 
being  a  perfectly  well-asceitainod 
power.  But  the  force  of  the  fore- 
going facts  is  much  losened  by 
Partner's  numerous  experiments,  for, 
ditlierently  from  Kolreuter,  he  never 
once  got  ('  Bastarderz./  s.  307)  an 
intermediate  tint  when  he  crossed  the 
yellow  and  white  flowered  varieties 
of  Verbascum.  So  that  the  fact  of 
the  white  and  yellow  varieties  kce{>- 
ing  true  to  their  colour  by  seed  does 
aot  prove  that  they  were  not  mutual- 
ly fertilised  by  the  pollen  carried  by 
insects  from  one  to  the  other. 

»•  «Amaryllidace«,'  1837    p.  3C6. 
Oiirtuer  has  made  a  similar  cbscnA 
tion. 
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Gnnterbury  has  giyen  me  a  more  striking  cnse ;  he  saved  seed  from 
a  great  boid  of  twenty-four  named  varieties  planted  in  closely  ad- 
joining rows,  and  each  variety  reproduced  itself  truly  with  only 
sometimes  a  shade  of  difference  in  tint.  Kow  in  the  hollyhock  the 
pollen,  which  is  abundant,  is  matured  and  nearly  all  shed  l)efore 
the  stigma  of  the  same  flower  is  ready  to  receive  it ;  ^  and  as  bees 
covered  with  pollen  incessantly  fly  from  plant  to  plant,  it  would 
appear  that  adjoining  varieties  could  not  escape  being  crossed.  As, 
however,  this  does  not  occur,  it  appeared  to  me  proliable  that  the 
pollen  of  each  variety  was  prepotent  on  its  own  stigma  over  that  of 
all  other  yarieties,  but  I  have  no  evidence  on  this  point.  Mr.  G. 
Turner  of  Slough,  well  known  for  his  success  in  tiie  cultivation  of 
this  plant,  informs  me  that  it  is  the  doublene^s  of  the  flowers  which 
prevents  the  bees  gaining  access  to  the  pollen  and  stigma;  and  he 
finds  that  it  is  difficult  even  to  cross  them  artificially.  Whether 
this  explanation  will  fully  account  for  yarieties  in  close  proximity 
propagating  themselves  so  truly  by  seed,  I  do  not  know. 

The  following  cases  are  worth  giving,  as  they  relate  to  monoecious 
forms,  which  do  not  require,  and  consequently  cannot  have  been 
injured  by,  castration.  Girou  de  Buzareingues  crossed  what  he 
designates  three  varieties  of  gourd »'^  and  asserts  that  their  mutual 
fertilisation  is  less  easy  in  proportion  to  the  difference  which  tiiey 
present.  I  am  aware  how  imperfectly  the  forms  in  this  group  were 
until  recently  known ;  but  Sageret,''  who  ranked  them  according  to 
their  mutual  fertility,  considers  the  three  forms  above  alluded  to  as 
varieties,  as  does  a  far  higher  authority,  namely,  M.  Naudin.^ 
Sagoret  **  has  observed  that  certain  melons  have  a  greater  tendency, 
whatever  the  cause  may  be,  to  keep  true  than  others ;  and  M.  Naudin, 
who  has  had  such  immense  experience  in  this  group,  informs  me 
that  he  believes  that  certain  varieties  intercross  more  readily  than 
othero  of  the  same  species ;  but  he  has  not  proved  the  truth  of  this 
conclusion ;  the  frequent  abortion  of  the  pollen  near  Paris  being 
one  great  difficulty.  Nevertheless,  he  has  grown  close  together, 
during  seven  years,  certain  forms  of  CitruUus,  which,  as  they 
could  be  artificially  crossed  with  perfect  facility  and  produced 
fertile  offspring,  are  ranked  as  varieties;  but  these  forms  when  not 
artificially  crosised  kept  true.  Many  other  varieties,  on  the  other 
hand,  in  the  same  group  cross  with  such  facility,  as  M.  Naudin 
repeatedly  insists,  that  without  being  grown  far  apart  they  cannot 
bo  kept  in  the  least  true. 

Another  case,  though  somewhat  different,  may  be  here  given,  as 

••  Kolreut«r  first  observed  this  fact,  ••  *  M^moirc  stir  .es  Ciicarbitaceai>,* 

*  M^m,  de  TAcad.  de  St.  Petersburg/  1826,  pp.  46,  55. 

vol.    iii.    p.    127.     See    also    C.    K.  "  'Annales     des    Sc.     Nnt./    4th 

Sprengel,  *  Das  Elntdeckte  Geheimaiss,*  series,  torn.  vi.  M.  Xntidin  considen 

».  345.  these  forms  as  undoubtedly  varietiot 

'*  Namely,  Barbarincs,  PastissoiiA,  of  Ctiour'iit  t  pepo. 

Giramnous:     *Annal.   des   Sc.   Nat.*  "  *MeTO.  (Jucurt.,*  p.  8. 
torn,  ux.,  1833,  pp.  398  and  405. 
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it  is  highly  remarkable,  and  is  established  on  excellent  eTidenee. 
Kolreuter  minotely  describes  five  varieties  of  the  common  tobaooo,^' 
which  were  reciprocally  croi^sed,  and  the  offspring  were  intermediate 
in  eharacter  ana  as  fertile  as  their  parents :  from  this  fact  Edlreuter 
inferred  that  they  are  really  varieties ;  and  no  one,  as  far  as  I  can 
discover,  seems  to  have  doubted  that  such  is  the  case.  He  also 
CToesed  reciprocally  these  five  varieties  with  N,  glutinota,  and  they 
yielded  very  sterile  hybrids;  but  those  raised  from  the  var, perennis, 
whether  nsed  as  the  father  or  mother  plant,  were  not  so  sterile  as 
the  hybrids  from  the  four  other  vaneties."*  So  that  the  sexual 
capacity  of  this  one  variety  has  certainly  been  in  some  degzeo 
modified,  so  as  to  approach  in  nature  that  of  N.  ylutinomji.^'* 

These  facts  with,  respect  to  plants  show  that  in  some  few 
cases  certain  varieties  have  had  their  sexual  powers  so  far 
modified,  that  they  cross  together  less  readily  and  yield  less 
seed  than  other  varieties  of  the  Fame  species.  We  shall 
presently  see  that  the  sexual  functions  of  most  animals  and 
plants  are  eminently  liable  to  be  affected  by  the  conditions 
of  life  to  which  they  are  exposed ;  and  hereafter  we  shall 


*»  *Zweit6  Forts./  «.  53,  namely, 
Kiootiana  major  vulgariM  ;  {2)  peren- 
nis ;  (3)  traiuylvatiloa ;  (4)  a  i»ub- 
vnr.  of  the  la«i ;  (5)  major  latifot,  fi. 
alb. 

'*  K5lreuter  wm  m  much  struck 
Tnth  this  fact  thnt  he  suspected  th.it 
a  little  pollen  of  M.  giutinoM  in  one 
of  his  experiments  might  have  acci- 
dentally got  mingled  with  that  of 
var,  perennis,  and  thus  aided  its  fer- 
tilising power.  But  we  now  know 
conclusively  from  Giirtner  {*  Bastar- 
derz.,'  s.  34,  43)  that  the  pollen  of 
two  species  never  acts  conjointly  on  a 
third  species ;  still  less  will  the  pollen 
of  a  distinct  species,  mingled  with  a 
plant's  own  polhn,  if  the  latter  be 
present  in  sufficient  quantity,  have 
any  effect.  The  sole  eHect  ot'  mingling 
two  kinds  of  pollen  is  to  produce  in 
the  same  capsule  seeds  which  yield 
f  lants,  some  taking  after  the  one  and 
some  after  the  other  ])arent. 

"  Mr.  Scott  has  made  some  obser- 
vations on  the  absolute  sterility  of  a 
purple  and  white  primrose  (^Primula 
vulgaris)  when  fertilised  by  pollen 
from  the  common  primrose  (*  Journal 


of  Proc.  of  Linn.  Soc.,'  vol.  viii.,  1804, 
p.  98) ;  but  these  observations  require 
confirmation.  I  raised  a  number  of 
purple-flowered  long-styled  seedlings 
from  seed  kindly  sent  me  by  Mr. 
Scott,  and,  though  they  were  all  in 
some  degree  sterile,  they  were  much 
more  fertile  with  pollen  taken  from 
the  common  primrose  than  with  their 
own  pollen.  Mr.  Scott  has  likewise 
described  a  red  equal-styled  cowslip 
(P.  veris,  ibid.  p.  106),  which  was 
found  by  him  to  be  highly  sterile 
when  crossed  with  the  common  cow- 
slip ;  but  this  was  not  the  case  with 
several  •qual -styled  red  seedlings 
raised  by  me  from  his  plant.  This 
variety  of  the  cowslip  presents  the 
remarkable  peculiarity  of  combining 
male  organs  in  every  respect  like 
those  of  the  short-styled  form,  with 
female  organs  resembling  in  function 
and  partly  in  structure  those  of  the 
long-styl^  form;  so  that  we  have 
the  singular  anomaly  of  the  two 
forms  combined  in  the  same  floKer. 
Hence  it  is  not  surprising  that  these 
flowers  should  be  spontaneously  scif- 
fertile  in  a  high  degree. 
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briefly  discuss  the  conjoint  bearing  of  this  fact,  and  others, 
on  the  difference  in  fertility  between  crossed  varieties  and 
crossed  s})eciefi 

Domestication  eliminates  the  tendency  to  Steriltfy  which  is  getteral 

mth  Species  when  crossed. 

This  hypothesis  was  first  propounded  by  Pallas,^®  and  has 
been  adopted  by  several  authors.  I  can  find  hardly  any 
direct  facts  in  its  Buiiport;  but  trnfortnnately  no  one  lu)s 
compared,  in  the  case  of  either  animals  or  plants,  the  fertility 
of  anciently  domesticated  varieties,  when  crossed  with  a 
distinct  species,  with  that  of  the  wild  parent  species  when 
similarly  crossed.  Ko  one  has  compared,  for  instance,  the 
fertility  of  Gallus  hankiva  and  of  the  domesticated  fowl,  when 
crossed  with  a  distinct  species  of  Gallus  or  Phasianns ;  and 
the  experiment  would  in  all  cases  be  surrounded  by  many 
difficulties.  Dureau  do  la  Malle,  who  has  so  closely  studied 
classical  literature,  states  ^'  that  in  the  time  of  the  Romans 
the  common  mule  was  produced  with  more  difficulty  than  at 
the  present  day ;  but  whether  this  statement  may  be  tiusted 
I  know  not.  A  much  more  important,  though  somewhat  dif- 
ferent, case  is  given  by  M.  Groenland,^®  namely,  that  plants, 
known  from  their  intermediate  character  and  sterility  to 
be  hybrids  between  jEgilops  and  wheat,  have  perpetuated 
themselves  under  culture  since  1857,  with  a  rapid  but  varying 
increase  of  fertility  in  each  generation.  In  the  fourth  generation 
the  plants,  still  retaining  their  intermediate  character,  had 
become  as  fertile  as  common  cultivat-ed  wheat. 

The  indirect  evidence  in  favour  of  the  Pallasian  doctrine 
appears  to  me  to  be  extremely  strong.  In  the  earlier  chapters 
1  have  shown  that  our  various  breeds  of  the  dog  ai  e  desoendei] 
from  several  wild  species;  and  this  jjrobably  is  the  case  with 
sheep.  There  can  be  no  doubt  that  the  Zebu  or  humped 
Indian  ox  belongs  to  a  distinct  species  from  European  cattle : 
the  latter,  moreover,  are  descended  from  two  forms,  which 
may  be  called  either  sj^ecies  or  races.     We  have  good  evidence 

*•   *Act.    Acid.    St.    Petersburg,*       (1st  series),  p.  61. 
1780,  i)art  ii.  pp.  84,  100.  »♦  ♦  Bull.  Bot.  Soc.  <ie  France,'  D©c 

**  '  A&aales  des  Sc.  Nut.*  tom.  xxi.       27th,  18s>l,  torn.  viii.  p.  612. 
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fiiat  oar  domesticated  pigs  l)elong  to  at  least  two  specific 
types,  8.  9cro/a  and  indicus.  Kow  a  widely  extended  analogy 
leiKls  to  the  belief  that  if  these  several  allied  8j)ecie8,  when 
first  reclaimed,  had  been  crobsed,  they  would  have  exhibited, 
both  in  their  first  unions  and  in  their  hy1)rid  offspring,  some 
degiee  of  sterility.  Nevertheless,  the  several  domesticated 
races  descended  from  them  are  now  all,  as  far  as  can  be 
ascertained,  perfectly  fertile  together.  If  this  reasoning  be 
trustworthy,  and  it  is  apparently  sound,  we  must  admit  the 
Pallasian  doctrine  that  long-continued  domestication  tends 
to  eliminate  that  sterility  which  is  natural  to  species  when 
crossed  in  their  aboriginal  state. 

On  increasefl  Fertility  from  Domestication  and  Cultivation, 

Increased  fertility  from  domestication,  without  any  refer- 
ence to  crossing,  may  be  here  briefly  considered.  This  subject 
bears  indirectly  on  two  or  three  points  connected  with  the 
modification  of  organic  beings.  As  Buffon  long  ago  ro- 
marked,^^  domestic  animals  breed  oftener  in  the  year  and 
produce  more  young  at  a  birth  than  wild  animals  of  the  same 
si)eciou ;  they,  also,  sometimes  breed  at  an  earlier  age.  The 
ease  would  hardly  have  deserved  further  notice,  had  not 
some  authors  lately  attempted  to  show  that  fertility  inci'eascs 
and  decreases  in  an  inverse  ratio  with  the  amount  of  food. 
This  strange  doctrine  has  apparently  aiisen  from  individual 
animals  when  supplied  with  an  inordinate  quantity  of  foixl, 
and  from  plants  of  many  kinds  when  grown  on  excessively 
rich  soil,  as  on  a  dunghill,  becoming  sterile:  but  to  this 
latter  point  I  shall  have  occasion  presently  to  return.  With 
hardly  an  exception,  our  domesticated  animals,  w^hich  have 
been  long  habituated  to  a  regular  and  copious  supply  of  food, 
without  the  labour  of  searching  for  it,  are  more  fertile  than 
the  corresponding  wild  animals.  It  is  notorious  how  fre- 
quently cats  and  dogs  breed,  and  how  many  young  they 
produce  at  a  birth.     The  wild  rabbit  is  said  generally  to 

**    Quoted    by   Isiil.   Geoffroy   St.  the  j)re.sent  subject  has  appeared  ia 

Hilaire,   *  Hist.   Naturelle   Gi-n^rale,'  Mr.  Herbert  Spencer's  *  Principles  ol 

torn,  t  i.  p.  476.     Since  this  M.S.  h.is  L*iol(»g/,'  vol.  ii.,  1867,  p.    57  ct  aeq. 
been  sent  to  press  a  full  diss.usMi.i»  >^ 
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breed  four  times  yearly,  and  to  produce  each  time  at  most 
six  young ;  the  tame  rabbit  breeds  six  or  seven  times  yearly, 
producing  each  time  from  four  to  eleven  young;  and 
Mr.  Harrison  Weir  tells  me  of  a  case  of  eighteen  young 
having  been  produced  at  a  birth,  all  of  which  survived. 
The  ferret,  though  generally  so  closely  confined,  is  more 
prolific  than  its  suppo  ed  wild  prototype.  The  wild  sow  is 
remarkably  prolific ;  she  often  breeds  twice  in  the  year,  and 
bears  from  four  to  eight  and  sometimes  even  twelve  young ; 
but  the  domestic  sow  regularly  breeds  twice  a  year,  and  would 
breed  oftener  if  permitted ;  and  a  sow  that  produces  less  than 
eight  at  a  birth  '*  is  worth  little,  and  the  sooner  she  is  fattened 
for  the  butcher  the  better.*'  The  amount  of  food  affects  the 
fertility  of  the  same  individual :  thus  sheep,  which  on  moun- 
tains never  produce  more  than  one  lamb  at  a  birth,  when 
brought  down  to  lowland  pastures  frequently  bear  twins. 
This  difference  apparently  is  not  due  to  the  cold  of  the  higher 
land,  for  hheep  and  other  domeetic  animals  are  said  to  be  ex- 
tremely prolific  in  Laplaiid.  Hard  living,  also,  retards  the 
period  at  which  animals  conceive ;  for  it  has  been  found  dis- 
advantageous in  the  northern  islands  of  Scotland  to  allow 
cows  to  bear  calves  before  they  are  four  years  old.^^ 

Birds  offer  still  better  evidence  of  increased  fertility  from  domesti- 
cation: the  hen  of  the  wild  fJaliut  h-mkivM  lays  from  six  to  ten 
eggs,  a  number  which  would  be  thought  nothing  of  with  the 
domestic  hexL  The  wild  duck  lays  from  five  to  ten  eggs ;  the  tame 
one  in  the  course  of  the  year  from  eighty  to  one  hundr^.  The  wild 
grey-lag  goose  lays  from  five  to  eight  eggs;  the  tame  from  thirteen 
to  eighteen,  and  she  lays  a  second  time ;  as  Mr.  Dixon  has  remarked, 
"  high-feeding,  care,  and  moderate  warmth  induce  a  habit  of  proli- 
ficacy which  becomes  in  some  measure  hereditary."  Whether  the 
semi-domesticated  dovecot  pigeon  is  more  fertile  than  the  wild 
rock-piguon,  C,  Uoia,  I  know  not ;  but  the  more  thoroughly  domesti- 


**  For  cats  and  dogs,  &c.,  see  Bel- 
lingeri,  in  'Annal.  des  Sc.  Nat.,'  2nd 
series,  Zoolog.,  torn.  zii.  p.  155.  B'or 
ferrets,  Bechntein,  *  Naturgeschichte 
Deutschlands,*  Band  i.,  18i>l,  s.  78  >, 
795.  For  rabbits,  ditto,  s.  1 1 23, 1131; 
and  Bronn's  *  Geschichte  der  Natur.,' 
B.  ii.  s.  99.  For  mountnia  i»heep, 
iltto,  s.  102.    For  the  fertility  of  the 


wild  sow,  see  Bechstcin's  *  Naturgesch. 
I>eutRchIan(ls,'  B.  i.,  1801,  s.  534;  for 
the  dome:itic  pig,  Sidney's  edit,  of 
Youatt  on  the  Pig,  1860,  p.  62.  With 
respect  to  Upland,  see  Acerbi's 
*  Travels  to  the  North  Cape,*  Ejig. 
translat.,  vol.  ii.  p.  222.  About  Um 
Highland  cows,  ice  lloftg  on  Sheaok 
p.  2S3. 
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cftted  broods  are  nearly  twice  as  fertile  as  doTeoots:  the  latter, 
howeTcr,  when  caged  and  highly  fed,  become  eonally  fertile  with 
bonse  pigeons.  1  hear  from  Judge  Oiton  that  me  wild  turkey  in 
the  United  States  does  not  breed  when  a  year  old,  as  the  domesti- 
cated turkeys  there  inyariably  do.  The  peahen  alone  of  domesti- 
cated birds  is  rather  more  fertile,  according  to  some  accounts,  when 
wild  in  its  native  Indian  home,  than  in  Europe  when  expo^  to  our 
mucb  colder  climate." 

With  respect  to  plants,  no  one  would  expect  wheat  to  tiller  more, 
and  eacb  ear  to  produce  more  grain,  in  poor  than  in  rich  soil ;  or  to 
get  in  poor  soil  a  heavy  crop  of  peas  or  beans.  Seeds  vary  so  much 
in  number  that  it  is  difficult  to  estimate  them ;  but  on  comparing 
beds  of  carrots  in  a  nursery  garden  with  wild  plants,  the  former 
seemed  to  produce  about  twice  as  much  seed.  Cultivated  cabbages 
yielded  thrice  as  many  pods  by  measure  as  wild  cabbages  from  the 
rocks  of  South  Wales.  The  excess  of  buries  produced  by  the  culti- 
Tated  asparagus  in  comparison  with  the  wild  plant  is  enormous. 
No  doubt  many  highly  ctdtiyated  plants,  such  as  pears,  pineapples, 
bananas,  sugar-cane,  Ac,  are  nearly  or  quite  sterile;  and  I  am 
inclined  to  attribute  this  sterility  to  excess  of  food  and  to  other 
unnatural  conditions ;  but  to  this  subject  I  shall  recur. 

In  some  cases,  as  with  the  pig,  rabbit,  &c.,  and  with  thoso 
plante  which  are  valued  for  their  need,  the  direct  selection  of 
the  more  fertile  individuals  has  probably  much  increased 
their  fertility ;  and  in  all  cases  this  may  have  occurred  in- 
directly, from  the  better  chance  of  some  of  the  numerous 
offspring  from  the  more  fertile  individuals  having  been  pre- 
served. But  with  cate,  ferrete.  and  dogs,  and  with  plante 
like  carrote,  cabbages,  and  asparagus,  which  are  not  valued 
for  their  prolificacy,  selection  can  have  played  only  a  sub- 
ordinate part ;  and  their  increased  fertility  must  be  attributed 
to  the  more  favourable  conditions  of  life  under  which  they 
iiave  long  existed. 

'  For  the  eggs  of  Gallua  banktvfr^  Pigeon^'  p.  158.     With   respect  tc 

$ee  BIyth,  in  *  Annals  and  Mag.  of  fjeacocks,    according     to    Temminck 

NnL  Hist..'  2nd  series,  vol.  i.,  1848,  ('Hist.  Nat.  G«n.  des   Pigeons,*  &c., 

p.  456.     For  wild  and  tame  ducks,  1813,  torn.  ii.  p.  41),  the  hon  lays  in 

jfacgillivrAy,  ^  British  Birds,'  vol.  r.  India  even  ns  many  as  twenty  eggs ; 

p.  37 ;  and  *  Die  Knten,'  s.  87.     For  but  according  to  Jerdon  and  another 

wild  geeso,  L  Llovd,  'Scandinavian  writer     (quoted      in      Teeetmoier*fl 

Adventures,'  vol.  ii.  1854,  P.  413;  *  Poultry  Book,'  1866,  pp.  280,  282), 

and   for    tame    geese,    '  Ornamental  she  there  lays  only  from  four  to  nine 

Poultry,'  by  Kev.  E.  S.  Dixon,  p.  139.  or  ten  eggs:  in  England  she  is  said, 

Ob  the  breeding  of  Pigeons,  Pistor,  in  the  *  Poultry  Book,'  to  lay  6vc  or 

*  Das  Ganze  der  Taabenzucht,' 1831,  six,   but  another   writer  savs  froiv 

1.  46 ;  and  Boitard  and  Corbie  *  Les  eight  to  twelre  eggs. 
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CHAPTER  XYII. 

ON    THE   GOOD   EFFBCFS   OF  CROSnING,   AND  ON   THE  EVIL   KTFKCTS 

OF   CLOSK  INTEKUKEBDIN'G. 

DETINmOW  OP  CLOSE  INTERBREKDINO — AUGMENTATION  OF  MORBID  TF^^'- 
DENCIES — GENKRAL  E^'IDENCE  OF  THE  GOOD  EFl-'ECTS  DERIVED  FROM 
CKOSSING,  AND  ON  THE  EVIL  EFFKtTS  FROM  CLOSE  INTLRBREEDING — 
CAITLE,  CLOSELY  INTEKBRED ;  HALF-WILD  CATTLE  LONG  KEPT  IN  THE 
SAME  PARKS — SHEEP — FALLOW-DEER— DOGS,  RABBITS,  PIGS — MAN.  ORIGIN 
OF  HIS  ABHORRENCE  OF  INCESrrOtS  MARRIAGES — FOWLS — PIGEONS — HI\  K- 
BEES — PLANTS,  (;ENERAL  CONSIDERATIONS  ON  THE  BENEFITS  DERIVED  FROM 
CROSSING — UESX)SS,  FRUIT-TRkES,  P^AS,  CABBAGIQ9,  WHEAT.  AND  FOREST- 
TUEES — ON  THE  INCREASED  SIZE  OF  HYBRID  PLANTS,  NOT  EXCLUSIVELY 
DUE  TO  THEIR  BTERILITY^ON  CERTAIN  ILANTS  WHICH  EITH>nt  NOR- 
MALLY OR  ABNORMALLY  ARE  8ELF-IM1 OTENT,  BIT  ARE  FEKTILE,  BfiTII 
UN  THE  MALE  AND  FEMALE  SIDE,  V  HEN  C  OSSEl)  v  ITH  DISl'INCT  IN'M- 
V1DUAL8  EITHER  OF  THE  SAME  OR  ANOTHER  8i'ECU:6  -CONCLUSION. 

The  gain  in  constitutional  vigour,  derived  from  an  occasional 
cross  between  individuals  of  the  same  variety,  but  belonging 
to  distinct  families,  or  between  distinct  varieties,  has  not 
been"  so  largely  or  so  frequently  discussed,  as  have  the  evil 
effects  of  too  close  interbreeding.  But  the  former  point  is 
the  more  important  of  the  two,  inasmuch  as  the  evidence  is 
more  decisive.  The  evil  results  from  close  interbreeding  are 
difficult  to  detect,  for  they  accumulate  slowly,  »ind  differ 
much  in  degree  with  different  species ;  whil  t  the  good  effects 
which  almost  invariably  follow  a  cross  are  from  the  first 
manifest.  It  should,  however,  be  clearly  understood  that  the 
advantage  of  close  interbreeding,  as  far  as  the  retention  of 
character  is  concerned,  is  indisputable,  and  often  outweighs 
the  evil  of  a  slight  loss  of  constitutional  vigour.  In  relation 
ti)  the  subject  of  domestication,  the  whole  (juestion  is  of  some 
importance,  as  too  close  interbreeding  interferes  with  the 
improvement  of  old  races.  It  is  important  as  indirectly 
bearing  on  Hybridism ;  and  possibly  on  the  extinction  of 
s^HJcies,  when  any  form  has  become  so  rare  that  only  a  few 
individuals  remain  within  a  confined  area.     It  bears  in  an 
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important  manner  on  the  influence  of  free  intercrossing,  in 
obliterating  individual  differences,  and  thus  giving  uniformity 
of  character  to  the  individuals  of  the  same  race  or  species ;  for 
if  additional  vigour  and  fertility  he  thus  gained,  the  crossed 
ofispring  will  multiply  and  prevail,  and  the  ultimate  result 
will  be  far  greater  than  otherwise  would  have  occurred.  Lastly, 
the  question  is  of  high  interest,  as  bearing  on  mankind.  I  shall 
therefore  discuss  this  subject  at  full  length.  As  the  facts  which 
prove  the  evil  effects  <*f  close  interbreeding  are  more  copious, 
though  less  decisive,  than  those  on  the  good  effects  of  crossing, 
I  shall,  under  each  group  of  beings,  begin  with  the  former. 

There  is  no  diflSculty  in  defining  what  is  meant  by  a  cross  ; 
but  this  is  by  no  means  easy  in  regard  to  *'  breeding  in  and 
in"  or  "too  close  interbreeding,"  because,  ad  we  shall  see, 
different  species  of  animals  are  differently  affected  by  the 
same  degree  of  interbreeding.  The  pairing  of  a  father  and 
daughter,  or  mother  and  son,  or  brothers  and  sisters,  if  earned 
on  during  several  generations,  is  the  closest  possible  form  of 
interbreeding.  But  some  good  judges,  for  instance  Sir  .1. 
Sebright,  believe  that  the  pairing  of  a  brother  and  sister  is 
much  closer  than  that  of  parents  and  children ;  for  when  the 
father  is  matched  with  his  daughter  he  crosses,  as  is  said, 
with  only  half  his  own  blood.  The  consequences  of  close 
interbreeding  carried  on  for  too  long  a  time,  are,  as  is  generally 
believed,  loss  of  size,  constitutional  vigour,  and  fertility, 
sometimes  accompanied  by  a  tendency  to  malformation. 
Manifest  evil  does  not  usually  follow  from  pairing  the  nearest 
relations  for  two,  three,  or  even  ft>ur  generations ;  but  several 
causes  interfere  with  our  detecting  the  evil — such  as  the 
deterioration  being  very  gradual,  and  the  difficulty  of  dis- 
tinguishing between  such  direct  evil  and  the  inevitable 
augmentation  of  any  morbid  tendencieti  which  may  be  latent 
or  apparent  in  the  related  parents.  On  the  other  hand,  the 
benefit  from  a  crossj,  even  when  there  has  not  been  any  very 
close  interbreeding,  is  almost  invariably  at  once  conspicuous. 
There  is  good  reason  to  believe,  and  this  was  the  opinion  of 
that  most  experienced  observer  Sir  J.  Sebright,^  that  the  evil 

1  'The  Art  of  impronng  tiie  Ureei,  &'c.,*  1809,  p.  16. 
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effects  of  close  interbreeding  may  be  checked  or  quite  pre- 
vented by  the  related  individuals  being  separated  for  a  few 
generations  and  exposed  to  different  conditions  of  life.  This 
inclusion  is  now  held  by  many  breeders ;  for  instance  Mr. 
Carr  ^  remarks,  it  is  a  well-known  "  fact  that  a  change  of  soil 
and  climate  effects  perhaps  almost  as  great  a  change  in  the 
constitution  as  would  result  from  an  infusion  of  fre^  blood." 
I  hope  to  show  in  a  future  work  that  consanguinity  by  itself 
counts  for  nothing,  but  acts  solely  from  related  organisms  gene- 
rally having  a  similar  constitution,  and  having  been  exposed 
in  most  cases  to  similar  conditions. 

That  any  evil  directly  follows  from  the  closest  interbreeding 
has  been  denied  by  many  persons ;  but  rarely  by  any  practical 
breeder ;  and  never,  as  far  as  I  know,  by  one  who  has  largely 
bred  animals  which  propagate  their  kind  quickly.  Many 
physiologists  attribute  the  evil  exclusively  to  the  combination 
and  consequent  increase  of  morbid  tendencies  common  to  both 
l)arent8 ;  and  that  this  is  an  active  source  of  mischief  there 
can  be  no  doubt.  It  is  unfortunately  too  notorious  that  men 
and  various  domestic  animals  endowed  with  a  wretched 
constitution,  and  with  a  strong  hereditary  disposition  to 
disease,  if  not  actually  ill,  are  fully  capable  of  procreating 
their  kind.  Close  interbreeding,  on  the  other  hand,  often 
induces  sterility  ;  and  this  indicates  something  quite  distinct 
from  the  augmentation  of  morbid  tendencies  common  to  both 
parents.  The  evidence  immediately  to  be  given  convinces  me 
that  it  is  a  great  law  of  nature,  that  all  organic  beings  profit 
from  an  occasional  cross  with  individuals  not  closely  related 
to  them  in  blood ;  and  that,  on  the  other  hand,  long-continued 
close  interbreeding  is  injurious. 

Various  general  considerations  have  had  much  influence  in 
leading  me  to  this  conclusion ;  but  the  reader  will  probably 
rely  more  on  special  facts  and  opinions.  The  authority  of 
experienced  observers,  even  when  they  do  not  advance  the 
grounds  of  their  belief,  is  of  some  little  value.  Now  almost 
all  men  who  have  bred  many  kinds  of  animals  and  have 
written  on  the  subject,  such  as  Sir  J.   Sebright,   Andrew 

•  <  Thft  Hbtorr  of  the  Rise  uid   Progre»  of  the  Killerbj,  &c.  Herds/  p.  41. 
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Knight,  &c.,'  Lave  expressed  the  Btrungest  oonviction  oc  th« 
impossibility  of  long-continued  close  interbreeding.  Thos« 
vrho  have  compiled  works  on  agriculture,  and  have  associated 
much  with  breeders,  such  as  the  sagacious  Youatt,  Low,  &c., 
have  strongly  declared  their  opinion  to  the  same  effect. 
Prosjier  Lucas,  trusting  largely  to  French  authorities,  has 
oome  to  a  similar  conclusion.  The  distinguished  German 
agriculturist  Hermann  von  Nathusius,  who  has  written  the 
most  able  treatise  on  this  subject  which  I  have  met  with, 
concurs ;  and  as  I  shall  have  to  quote  f]X)m  this  treatise,  I 
may  state  that  Nathusius  is  not  only  intimately  acquainted 
with  works  on  agriculture  in  all  languages,  and  knows  the 
pedigrees  of  our  British  breeds  better  than  most  Englishmen, 
but  has  imported  many  of  our  improved  animals,  and  is  him* 
self  an  experienced  breeder. 

Evidence  of  the  evil  effects  of  close  interbreeding  can  most 
readily  be  acquired  in  the  case  of  animals,  such  as  fowls, 
pigeons,  &c.,  which  propagate  quickly,  and,  from  being  kept 
in  the  same  place,  are  exposed  to  the  same  conditions.  Now 
I  have  inquired  of  very  many  breeders  of  these  birds,  and  I 
have  hitherto  not  met  with  a  single  man  who  was  not 
thoroughly  convincod  that  an  occasional  cross  with  another 
strain  of  the  same  sub-variety  was  absolutely  necessary. 
Most  breeders  of  highly  improved  or  fancy  birds  value  their 
o^vn  strain,  and  are  most  unwilling,  at  the  risk,  in  their 
opinion,  of  deterioi'ation,  to  make  a  cross.  The  purchase  of  a 
^rst-rate  bird  of  another  strain  is  expensive,  and  exchanges 
are  troublesome ;  yet  all  breeders,  as  far  as  I  can  hear,  ex- 
cepting those  who  keep  large  stocks  at  different  places  for 
the  sake  of  crossing,  are  driven  after  a  time  to  take  this  step. 

Another  general  consideration  which  has  had  great  influence 
Du  my  mind  is,  that  with  all  hermaphrodite  animals  and 
plants,  which  it  might  have  been  thought  would  have  per 
petually  fertilised  themselves  and  been  thus  subjected  for  long 
ages  to  the  clrisest  interbreeding,  thei^  is  not  a  single  species, 
as  far  as  I  can  discover,  in  which  the  stru  ture  ensures  self- 
fei-tilisrition      On  the  contrary,  there  are  in  a  multitude  of 

*  For    Andrew     Knight,    see    A.       227.    Sir  J    Sebright's  TreatiiM  hM 
Walker,  ok  *  i'ttermarringe,*  1838,  p.      ju^t  been  quoted. 


9G 


GOOD  rnOM   CROSSING. 


Chap.  XVII. 


cases,  as  briefly  stated  in  the  fifteenth  chapter,  nmnifest 
adaptations  M'hich  favour  or  inevitably  lead  to  an  occasional 
cross  l)etween  one  hermaphrodite  and  another  of  the  same 
species  ;  and  these  adaptive  structures  are  utterly  purposeless, 
us  far  as  we  can  see,  for  any  other  end. 

With  Cattle  there  can  be  no  doubt  that  extremely  close  inter- 
breeding may  be  long  carried  on  advantageously  with  respect  to 
external  characters,  and  with  no  manifest  evil  as  far  as  constitution 
is  concerned.  The  case  of  BakewelTs  Longhorns,  which  were 
closely  interbred  for  a  long  period,  has  often  been  quoted;  yet 
Youatt  says*  the  breed  "  had  acquired  a  delicacy  of  constitution 
inconsistent  w^ith  common  management,"  and  "  the  propagation  of 
the  species  was  not  always  certain."  But  the  Shorthorns  offer  the 
most  striking  case  of  close  interbreeding ;  for  instance,  the  famous 
bull  Favourite  (who  was  himself  the  oiFspring  of  a  half-brother  and 
sister  from  Foljarabe)  was  matched  with  his  own  daughter,  grand- 
daughter, and  great-granddaughter ;  so  that  the  prcxluce  of  this 
last  union,  or  the  great-great-granddaughter,  hud  15-16ths,  or 
93*75  per  cent,  of  the  blood  of  Favourite  in  her  veins.  This  cow 
M-as  matched  with  the  bull  Wellington,  having  62*5  jxjr  cent,  of 
Favourite  blood  in  his  veins,  and  produced  Clarissa ;  Clarissa  was 
matched  with  the  bull  Lancaster,  having  68*75  of  the  same  blood, 
and  she  yielded  valuable  ofiftspring.'^  Kevertbeless  Ceilings,  who 
reared  these  animals,  and  was  a  strong  advocate  for  close  breeding, 
once  crossed  his  stock  with  a  Galloway,  and  the  cows  from  this 
cross  realised  the  highest  prices.  Bates's  herd  was  esteemed  the 
most  celebrated  in  the  world.  For  thirteen  years  he  bred  most 
closely  in  and  in ;  but  during  the  next  seventeen  years,  though  he 
had  the  most  exalted  notion  of  the  value  of  his  own  stock,  he  thrice 
infused  fresh  blood  into  his  herd  :  it  is  Baid  that  he  did  this,  not  to 
improve  the  form  of  his  animals,  but  on  account  of  their  lessenccl 
fertility.    Mr.  Bates's  own  view,  as  given  by  a  celebrated  breeder,® 


«  *  Cattle,' p.  199. 

*  1  give  thU  on  the  authority  of 
K.ithusius,  *  Ueber  Shorthorn  liind- 
vieh,'  18  J7,  s.  71  {sec  also '  Gardener's 
Chronicle,'  1860,  p.  270).  But  Mr. 
J.  Storer,  a  large  breeder  of  cattle, 
informs  me  that  the  parcnt;tge  of 
Clarissa  is  not  well  authenticated.  In 
the  first  vol.  of  the  '  Herd  Book,'  she 
was  entered  as  having  six  descents 
from  Favourite,  "  which  was  a  palpa- 
ole  mistake,"  and  in  all  subsequent 
editions  she  was  spoken  of  as  having 
only  four  descents.  2^1  r,  $torer  doubts 
even  about  the  t'pur,  as  no  amuc^  oi 


the  dams  are  given.  Moreover,  Cla- 
rissa bore  "only  two  bulls  and  i^ne 
heifer,  and  in  the  next  generation  Lor 
progeny  became  extinct."  Analogous 
csises  ot  close  interbreeding  are  given 
in  A  pamphlet  published  by  Mr.  C 
Macknight  and  Dr.  H.  Madden,  *  On 
the  True  Principles  of  Breeding ;  * 
Melbourne,  Australia,  1865. 

•  Mr.  Willoughby  Wood,  in  *  Gar- 
dener's Chronicle,'  1855,  p.  411  ;  and 
18i>0,  p.  270.  See  the  very  clear 
tables  and  pedigrees  given  in  Xathu- 
hi  us'  *  Kindvieh.'  s.  72-77. 
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was,  that "  to  breed  in*Aiid-in  from  a  bad  stock  wan  ruin  and  de* 
TiiRtation;  yet  that  the  practice  may  be  safely  followed  within 
certain  limits  when  the  parents  so  related  are  descended  from  first- 
rate  animals."  We  thus  see  that  there  has  been  much  close  inter- 
breeding with  Shorthorns;  but  Nathusius,  after  the  most  careful 
study  gI  their  pedigrees,  says  that  he  can  find  no  instance  of  a 
bneder  who  has  strictly  followed  this  pnu^tice  during  his  whole 
Life.  From  this  study  and  his  own  experience,  he  concludes  that 
close  interbreeding  is  necessary  to  ennoble  the  stuck ;  but  that  in 
eflfocting  this  the  greatest  care  is  necessary,  on  account  of  the  ten- 
dency to  infertility  and  weakness.  It  may  be  added,  that  another 
high  authority  ^  asserts  that  many  moro  calves  are  bom  cripplcH 
from  Shorthorns  than  trom  other  and  less  closbiy  interbred  races 
of  cattle. 

Although  by  carefully  selecting  the  best  animals  (as  Nature 
eflfectually  does  by  the  law  of  battle)  close  interbreeding  may  be 
long  carried  on  with  cattle,  yet  the  good  efiiBcts  of  a  cr.H»  between 
aUnost  any  two  breeds  is  at  once  shown  by  the  greater  size  and 
vigour  of  the  offspring;  as  Mr.  Spooner  writes  to  me, "crossing 
distinct  breeds  certainly  improves  cattle  for  the  butcher."  Such 
croiBBed  animals  are  of  course  of  no  value  to  the  breeder ;  but  they 
have  been  raised  during  many  years  in  several  parts  of  England  to 
be  slaughtered ; '  and  their  merit  is  now  bo  fully  recognised,  that 
at  fat-cattle  shows  a  separate  class  has  been  formed  for  their  re- 
ception. The  best  fat  ox  at  the  great  show  at  Islington  in  1862 
wad  a  croased  animal. 

The  half-wild  cattle,  which  have  been  kept  in  British  parks  pro- 
bably for  400  or  500  years,  or  even  for  a  longer  period,  have  been 
advanced  by  Culley  and  others  as  a  case  of  long  continued  inter- 
breeding within  the  limits  of  the  same  herd  without  any  consequent 
injury.  With  respect  to  the  cattle  at  ChilliuKham,  the  late  Lord 
Tankerville  ownea  that  they  were  bad  breeders.*  The  agent,  Mr. 
Hardy,  estimates  (in  a  letter  to  me,  dated  May,  1861)  that  in  the 
herd  of  about  fifty  the  average  number  annually  slaughtered,  killed 
by  fighting,  and  dyin^r,  is  about  ten,  or  one  in  five.  As  the  herd 
is  kept  up  to  nearly  tiie  same  average  number,  the  annual  rate  of 
increase  must  be  likewise  about  one  in  five.  The  bulls,  I  may  add, 
engage  in  furious  battles,  of  which  battles  the  present  Lord  Tan- 
kerville has  given  me  a  graphic  description,  so  that  there  will 
always  be  rigorous  selection  of  the  most  vigorous  males.  I  pro- 
cured in  18  J5  from  Mr.  D.  Gardner,  agent  to  the  Duke  of  Hamilton, 

'  Mr.  Wright,  *  Jonrnal  of  ftoy«l  bred  his  herd  in-and-in  for  lome  years, 

Agricult.  Soc.,' vol.  vii.,  1846,  p.  204.  **\ost  in  one  season    twenty -eight 

Mr.  J.  Downing  (a  successful  breeder  calves  solely  from  want  of  constitu« 

of  Shorthorns  in  Ireland)  informs  me  tion.** 

that  the  raisers  of  the  great  families  *  Touatt  on  Cattle,  p.  202. 

of  Shorthorns  carefully  conceal  their  *  *  Report  British  Assoc.^  Zoolof 

fterilitv  and  want  of  constitution.  He  Sect.,*  1838. 
adds  that  Mr.  Bat«i,  after   he  had 
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tiie  following  acooimt  of  the  wild  cattle  kept  in  the  Duke's  park  in 
Lanarkshire,  which  is  about  200  acres  in  extent  The  number  ol 
cattle  varies  from  sixty-five  to  eighty ;  and  the  number  annually 
killed  (I  presume  by  all  causes)  is  fit>m  eight  to  ten ;  so  that  the 
annual  rate  of  increase  can  hardly  be  more  than  one  in  six.  Now 
in  South  America,  where  the  herds  are  half-wild,  and  therefore 
offer  a  nearly  fur  standard  of  comparison,  according  to  Azara  the 
natural  increase  of  the  cattle  on  an  estancia  is  from  one-third  to 
one-fourth  of  the  total  number,  or  one  in  between  three  and  four ; 
and  this,  no  doubt,  applies  exclusively  to  adult  animals  fit  for  con- 
sumption. Hence  tne  half-wild  British  cattle  which  have  long 
interbred  within  the  hmits  of  the  same  herd  are  relatively  far  less 
fertile.  Although  in  an  unenclosed  country  like  Paraguay  there 
must  be  some  crossing  between  the  different  herds,  yet  even  there 
the  inhabitants  believe  that  the  occasional  introduction  of  animals 
from  distant  localities  is  necessary  to  prevent "  degeneration  in  size 
and  diminution  of  fertility.**  ^  The  decrease  in  size  from  ancient 
times  in  the  Chillinghun  and  Hamilton  cattle  must  have  been  pro- 
digious, for  Professor  Biitimeyer  has  shown  that  they  are  almost 
certainly  the  descendants  of  the  gigantic  Bob  primigmius.  No 
doubt  this  decrease  in  size  may  be  largely  attributed  to  less  favour- 
able conditions  of  b'fe ;  yet  animals  roaming  over  large  parks,  and 
fed  during  severe  winters,  can  hardly  be  considered  as  placed  under 
very  unfavourable  conditions. 

With  Sfte'p  there  has  often  been  long-continued  interbreeding 
within  the  limits  of  the  same  flock ;  but  whether  the  nearest  rela- 
tions have  been  matched  so  frequently  as  in  the  case  of  Shorthorn 
cattle,  I  do  not  know.  The  Messrs.  Brown  during  fifty  years  have 
never  infused  fresh  blood  into  their  excellent  flock  of  Leicesters. 
Since  1810  Mr.  Barfbrd  has  acted  on  the  same  principle  with  the 
Fosoote  flock.  He  asserts  that  half  a  century  of  experience  has 
convinced  him  that  when  two  nearly  related  animals  are  auite 
sound  m  constitution,  in<and-in  breeding  does  not  induce  dege- 
neracy ;  but  he  adds  that  he  *'  does  not  pride  himself  on  breeding 
from  the  nearest  affinities.**  In  France  the  Naz  flock  has  been  bred 
for  sixty  years  without  the  introduction  of  a  single  straneo  ram.^* 
Nevertheless,  most  great  breeders  of  sheep  have  protestea  against 
close  interbreeding  prolonged  for  too  great  a  length  of  time.^'  The 
most  celebrated  of  recent  breeders,  Jonas  Webb,  kept  five  separate 
families  to  work  on,  thus  "  retaininff  the  requisite  oistance  of  rela- 
tionship between  the  sexes;'*''  and  what  is  probably  of  greater 
importance,  the  separate  flocks  will  have  been  exposed  to  somewhat 
iliffci^Bnt  conditions. 

>•  Axara,  <QtiadnipMe«  du  Pant-  flock,  'BnlLdela  Soc.  d'AocHinat.,' 

gunjj*  torn.  ii.  pp.  354,  368.  1S60,  p.  477. 

>i  For    the    cam  of   the   Messrs.  "  Kathusiiu,    *Riodvieh/  s.   65: 

brown,  300  *  Card.  Chronicle,'  1855,  Youatt  on  Sheep,  p.  4ft5. 

p.  26.     For  the  Fosoote  flock,  *Gard.  »  'Qard.  Chioniile,*  1861,  u.  €M. 
biron./  1860,  p.  416.     For  the  Nax 
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Although  bgr  the  aid  of  carafnl  aelectioii  the  near  interbieediiig 
of  sheep  may  he  long  continued  without  any  manifest  eril,  yet  it 
has  often  heen  the  practioe  with  fannen  to  cross  distinct  breeds  to 
ohtain  animals  for  the  hutcher,  which  plainly  shows  that  good  of 
some  kind  is  deriyed  from  this  practice.  We  have  excellent  eri- 
dence  on  this  head  fnmi  Mr.  S.  Drvtce,^*  who  ciyes  in  detail  the 
comparatiTe  numbers  of  four  pure  breeds  and  of  a  cross-breed 
which  can  be  supported  on  the  same  ground,  and  he  gires  their  pro- 
duce in  fleece  and  csrcase.  A  high  authority,  Mr.  Pasey,  sums  up 
the  result  in  money  yalue  during  an  equal  length  of  time,  namely 
(neglecting  shillings),  for  Gotswolds  248/.,  for  Leicesters  223/.,  for 
Southdowns  204/.,  for  Hampshire  Downs  264/.,  and  for  the  cross- 
bred 293/.  A  former  celeorated  breeder.  Lord  Someryille,  states 
that  his  half-bieeds  from  Byelands  and  Spanish  sheep  were  larger 
animals  than  either  the  pure  Byelands  or  pure  Spanish  sheep. 
Mr.  Spooner  concludes  his  excellent  iLssay  on  Crossing  by  asserting 
that  there  is  a  pecuniary  adyantage  in  judicious  cross-breeding, 
especially  when  the  male  is  larger  than  the  female.'' 

As  some  of  our  British  parks  are  ancient,  it  occurred  to  me  that 
there  must  haye  been  long-continued  close  interbreeding  with  the 
fallow-deer  (Cennt$  c/ama)  kept  in  them ;  but  on  inquiry  I  find  that 
it  is  a  common  practioe  to  infuse  new  blood  by  procuring  bucks 
from  other  parn.  Mr.  Shirley,'*  who  has  carefully  studied  the 
management  of  deer,  admits  that  in  some  parks  there  has  been  do 
admixture  of  foreign  blood  from  a  time  beyond  the  memory  of  man. 
But  he  concludes  "  that  in  the  end  the  constant  breeding  in.-and-in 
**  is  sure  to  tell  to  the  disadyantage  of  the  whole  herd,  though  it 
"  may  take  a  yery  long  time  to  prove  it;  moreover,  when  we  find, 
"  as  is  yery  constantly  the  case,  that  the  introduction  of  fresh  blood 
"  has  been  of  the  very  greatest  use  to  deer,  both  by  improving  their 
"  size  and  appearance,  and  particularly  by  being  of  service  in  rc- 
"  moving  the  taint  of '  rickback,'  if  not  of  other  diseases,  to  which 
"  deer  are  sometimes  subject  when  the  blood  has  not  been  changed, 
"  there  can,  I  think,  be  no  doubt  but  that  a  judicious  cross  with  a 
"  good  stock  is  of  the  greatest  consequence,  and  is  indeed  essential; 
"  sooner  or  later,  to  the  prosperity  of  every  well-ordered  park." 

Mr.  Meynell's  famous  foxhounds  have  been  adduced,  as  showing 
that  no  ill  effects  follow  from  clise  interbreeding;  and  Sir  J. 
Sebright  ascertained  from  him  that  he  frequently  bred  from  father 
and  daughter,  mother  and  son,  and  sometimes  even  from  brothers 
and  siBters.  With  greyhounds  also  there  has  been  much  close 
interbreeding,  but  the  best  breeders  agree  that  it  may  be  carried 


>«  ( Joamal  R.  Aplcnlt.  Soe.,'  vol.  ii.     8te  also  an  excellent  ]>aper  tm 

sir.,  1S53,  p.  212.  the  same  subject  in  'Qard.  Chronicle,* 

>'  Lord    SomerTJlU,    'Facts     on  1860,  p.  321,  by  Mr.  Charles  Howard. 
Sheep  and   Husbandry,'  p.   6.     Mr.  *'  *  Some  Account  of  English  Dt^ 

Spooner,  in  *  Journal  cf  Royal  A^^ri-  Parks,'  by  Evelyn  P.Shirley,  1867. 
lulU  Soc.  of  Eni^land,'  vol.  xx.  part 
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too  for."  Bat  Sir  J.  Sebright,  declares,^*  that  by  breed ing  in-^nd-in, 
i>y  which  ho  meaDS  matching  brothers  and  sisters,  be  has  actually 
Been  the  offspring  of  strong  spaniels  degenerate  into  weak  and 
diminntive  lapdogs.  The  Rev.  W.  D.  Fox  has  communicated  to 
me  the  case  of  a  small  lot  of  bloodhounds,  long  kept  in  the  same 
family,  which  had  become  very  bad  breeders,  and  nearly  all  had  a 
bony  enlargement  in  the  tail.  A  single  cross  with  a  distinct  strain 
of  bloodhounds  restored  their  fertility,  and  drove  away  the  tendency 
to  malformation  in  the  tail  I  have  heard  the  particulars  of  an- 
other case  with  bloodhounds,  in  which  the  female  had  to  be  held  to 
the  male.  Considering  how  rapid  is  the  natural  increase  of  the 
dog,  it  is  difficult  to  understand  the  large  price  of  all  highly  im- 
proved breeds^  which  almost  implies  long-continued  close  inter- 
breeding, except  on  the  belief  that  this  process  lessens  fertility 
and  increases  liability  to  distemper  and  other  diseases.  A  high 
authority,  Mr.  Scrope,  attributes  the  rarity  and  deterioration  in 
bize  of  the  Scotch  deerhoiind  (the  few  individuals  formerly  existing 
throughout  the  country  being  all  related)  in  largo  port  to  close 
interbreeding. 

With  all  highly-bred  animals  thcru  is  more  or  less  difficulty  in 
getting  them  to  procreate  (]^uickly,  and  all  suffer  much  from  delicacy 
of  constitution.  A  great  judge  of  rabbits'* says,  "the  long-eared 
does  are  often  too  highly  bred  or  forced  in  their  youth  to  be  of  much 
value  as  breeders,  often  turning  out  barren  or  bad  mothers." 
They  often  desert  their  young,  so  that  it  is  neoessai^  to  have 
nursc-rabbitH,  but  I  do  not  pretend  to  attribute  all  these  evil  results 
to  close  interbreeding.* 

With  respect  to  Figs  there  is  more  unanimity  amongst  breeders 
on  the  e^  effects  of  close  interbreeding  than,  perhaps,  with  any 
other  large  animal.  Mr.  Druce,  a  great  and  successful  breeder  of 
the  Improved  Oxfordshires  (a  crossed  race),  writes,  "without  a 
change  of  boars  of  a  different  tribe,  but  of  the  same  breed,  constitu- 
tion cannot  bo  preserved."     Mr.  Fisher  Hobbs,  the  raiser  of  the 


1'  StoneheDge,  ^  Tlie  Dog/  1867,  pp. 
175-188. 

^  'The  Alt  of  Improving  the 
Breed,'  &c.,  p.  !•-$.  With  respect  to 
Scotch  deerhoonds,  see  Scrope's  *  Art 
of  Deer  Stolking/  pp.  350-353. 

"  *CotUge  Gardener/  1861,  p.  327. 

**  Mr.  Hnth  gives  (*  The  Marricge 
of  Near  Kin,'  1875,  p.  302)  from  the 
*  Bulletin  de  I'Acad.  R.  de  Med.  do 
Belgiqne'  (vol.  ix.,  1866,  pp.  287, 
305),  several  statements  made  by  a 
M.  Legrain  with  respect  to  cr(»sing 
brother  and  sbter  rabbits  for  iire  or 
six  saooessive  generations  with  no 
conMH|uent  evil  results.  I  was  so 
much  surprised  at  this  account,  and 


at  M.  Legrain's  inrariable  sucocjis 
in  his  experiments,  that  I  wrote  to  a 
dijitingnished  naturalist,  in  Belgium 
to  inquire  whether  M.  Legrain  was  a 
trustworthy  observer.  In  answer,  I 
have  heard  that,  as  doubts  were  ex- 
pressed about  the  authenticity  of  these 
exiteriments,  a  commission  of  inquiry 
was  appointed,  and  that  at  a  suc- 
ceeding meeting  of  the  Society  (*  Bull, 
de  i*Acad.  R.  de  M<kl.  de  Beigique,' 
1867,  3rd  series,  Tome  1,  No.  1  to 
5),  Dr.  Crocq  repoited  ^'qu'il  ^Uit 
materiellement  impossible  que  M.  La- 
grain  ait  fait  les  experiences  qu*il 
annonce."  To  this  public  aocnsat'oa 
no  satisfactory  answer  was  made. 
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eelebrated  Improred  Essex  breed,  divided  his  stock  into  three 
eeptirate  Caiuibes,  by  which  mcann  he  luaintaiiied  the  breed  for 
more  than  twenty  years,  "by  judicious  selection  from  the  thrte 
dittinet  famiiiet"*^  Lord  'Western  was  the  first  importer  of  a 
Neapolitan  boar  and  sow.  "  From  this  pair  he  brecf  in-and-in, 
unt.l  the  breed  was  in  danger  of  becoming  extinct,  a  sure  result 
(us  Mr.  Sidney  remarks)  of  in^nd-in  breeding.'*  Loid  Western 
then  crossed  his  Neapolitan  pigs  with  the  old  Essex,  and  made  the 
first  gnat  stop  towards  the  Improved  Essex  breed.  Here  is  a  more 
interesting  case.  Mr.  J.  Wright,  well  known  as  a  breeder,  ci-oesed  ^' 
the  same  boar  with  the  daughter,  granddaughter,  and  great-grand- 
daughter, and  BO  on  for  seven  generations.  The  result  was,  that 
in  many  instances  the  ofispring  fiuled  to  breed;  in  others  tht-y 
produc<id  few  that  lived;  and  of  the  latter  many  were  idiotic, 
without  sense,  even  to  suck,  and  when  attempting  to  move  oouhi 
not  walk  straight.  Now  it  deserves  especial  notice,  that  the  two 
last  sows  produced  by  this  long  course  of  interbreeding  were  sent 
to  other  boars,  and  they  bore  several  litters  of  healthy  pigs.  The 
best  sow  in  external  appearance  produced  during  the  whole  seven 
generations  was  one  in  the  last  stage  of  descent;  but  the  litter 
consisted  of  this  one  sow.  She  would  not  breed  to  her  sire,  yet 
bred  at  the  first  trial  to  a  stranger  in  blood.  So  that,  in  Mr. 
Wright's  case,  long-continued  and  extremely  close  interbreeding 
did  not  affect  the  external  form  or  merit  ot  the  young ;  but  with 
many  of  them  the  general  constitution  and  mental  powers,  and 
especially  the  reproductive  functions,  were  seriously  affected. 

NathusiuB  gives"  an  analogous  and  even  more  striking  cape:  he 
imported  from  England  a  pregnant  sow  of  the  large  Yorkshire 
breed,  and  bred  the  product  closely  in-and-in  for  thn'C  generations : 
the  result  was  unfavourable,  as  the  young  were  weak  in  constitution, 
with  impaired  fertility.  One  of  the  latest  sows,  which  he  esteemed 
a  good  animal,  produced,  when  paired  with  her  own  imcle  (who  was 
known  to  be  productive  with  sows  of  other  breeds),  a  litter  of  six, 
and  a  second  time  a  litter  of  only  five  weak  young  pigs.  He  then 
jiaired  this  sow  with  a  boar  of  a  small  black  breed,  which  he  had 
likewise  imported  fh>m  England ;  this  boar,  when  matched  with 
sows  of  his  own  breed,  produced  from  seven  to  nine  young.  Now, 
the  sow  of  the  large  breed,  which  was  so  unprofluctive  when  paired 
with  her  own  uncle,  yielded  to  the  small  black  lx>ar,  in  the  first 
litter  twenty-one,  and  in  the  second  litter  eighteen  young  pigs;  so 
that  in  one  year  she  produced  thirty-nine  fine  young  animals  1 

As  in  the  case  of  several  other  animals  already  mentioned,  even 

'*  Sidney's  edit,  of  *  Youatt  on  the  Col.   Le  Contenr,  who  has  done  so 

Pig, '  1860,  p.  SO ;   p.  S3,  qaotation  much  for  the  agricultnre  of  Jersey, 

from    Mr.    Dnice;    p.   2\i,  on   Lord  writes  to  me  thnt  from  possessing  a 

Western's  case.  fine  breed  of  pigs  he  bred  them  very 

"  '  Jonrnal  of  Royal  AgncuU.  Soc.  closely,  twice  jiairing   brothers  a  ad 

of  England,'  1846,  vol.  vii.  p.  205.  sisters.  l>ut  nearly  all  the  young  had 

^    'Ueber  Biadrieh,'  &c,  s.   78,  fits  and  died  suddenly. 
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when  no  injury  is  perceptible  from  moderately  close  interbreeding* 
yet,to.qaote  the  words  of  Mr.  Goate  (who  five  times  won  tiie  annnal 
(s^old  medal  of  the  Smithfield  Club  Show  for  the  best  pen  of  pigs), 
**  Crosses  answer  well  for  profit  to  the  farmer,  as  yon  get  more 
"  constitution  and  qnicker  growth ;  bnt  for  me,  who  sell  a  great 
"  number  of  pigs  for  breeding  purposes,  I  find  it  will  not  do,  as 
"  it  requires  many  years  to  get  anything  like  parity  of  blood 
•*  again.'  •* 

Almost  all  the  animals  as  yet  mentioted  are  gregarious, 
and  the  males  must  frequently  pair  with  their  own  daughters, 
for  they  expe^  the  young  males  as  well  as  all  intruders,  until 
forced  by  old  age  and  loss  of  strength  to  yield  to  some  stronger 
male.  It  is  therefore  not  improbable  that  gregarious  animals 
may  Iiave  been  rendered  less  susceptible  than  non-social 
bpecics  to  the  evil  consequences  of  close  interbreeding,  so 
that  they  may  be  enabled  to  live  in  herds  without  injury 
to  Iheir  offspring.  Unfortunately  we  do  not  know  whether 
an  animal  like  the  cat,  which  is  not  gregarions,  would  suffer 
from  close  interbreeding  in  a  greater  degree  than  our  other 
domesticated  animals.  But  the  pig  is  not,  as  far  as  I  can 
discover,  strictly  gregarious,  and  we  have  seen  that  it  appears 
eminently  liable  to  the  evil  effidcts  of  close  interbreeding. 
Mr.  Huth,  in  the  case  of  the  pig,  attributes  (p.  285)  these 
effects  to  their  having  been  **  cultivated  meet  for  their  fat,"  or 
to  the  selected  individuals  having  had  a  weak  constitution ; 
but  we  must  remember  that  it  is  great  breeders  who  have 
brought  forward  the  above  cases,  and  who  are  far  more 
familiar  than  ordinary  men  can  be,  with  the  causes  which  are 
likely  to  interfere  with  the  fertility  of  their  animals. 

The  effects  of  close  interbreeding  in  the  case  of  man  is  a 
difficult  subject,  on  which  I  will  say  but  little.  It  has  been 
discussed  by  various  authors  under  many  points  of  view.^ 


**  Sidney  en  th«  Pig,  p.  36.  See 
nko  note,  p.  34.  AUj  Richarcbon  on 
the  Pig,  1847,  p.  26. 

**  pr.  Dally  has  published  an  excel- 
lent arti.-le  (translated  in  the '  Anthro- 
polog.  Heyiew,'  May,  1864,  p.  65X 
criticising  all  writers  who  ave  main- 
tained that  evil  follows  from  con- 
satiguineoos  marriages.  No  doubt  on 
this  side  of  the  question  many  advo- 


cates hare  injured  their  came  by  in- 
accuracies: thus  it  has  been  stated 
(Devay,  *  Dn  Danger  des  Manages,' 
kc,  1862,  p.  141)  that  the  marriages 
of  cousins  hare  been  prohibit^  by 
the  legislature  of  Ohio ;  bnt  I  hare 
been  assured,  in  answer  to  inquiriet 
made  in  the  United  States,  thai  ilui 
statement  is  a  nere  fable. 
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Mr.  Tyler  ^^  lam  shown  that  with  widely  diiferent  races  in 
tbe  most  distant  qaartens  of  the  world,  marriages  between 
relations— even  between  distant  relations — have  been  strictly 
prohibited.  I'here  are,  however,  many  exceptions  to  the 
rule,  which  are  fnliy  given  by  Mr.  Huth.^^  It  is  a  curious 
problem  how  these  prohibitions  arose  during  early  and 
barbarous  times.  Mr.  'VjIot  is  inclined  to  attributo  them  to 
the  evil  effects  of  consanguineous  marriages  having  been  ob- 
served ;  and  he  ingeniously  attempts  to  explain  some  apparent 
anomalies  in  the  prohibition  not  extending  equally  to  the 
relations  on  the  male  and  female  side.  Ho  admits,  however, 
that  other  causes,  sudi  as  the  extension  of  friend  y  alliances, 
may  have  oome  into  play.  Mr.  W.  Adam,  on  the  other  hand, 
concludes  that  related  marriages  are  prohibited  and  viewed 
with  repugnance,  from  the  confusion  which  would  thus  arise 
in  the  descent  of  property,  and  from  other  still  more  recondite 
reafiODs.  But  1  cannot  a  -cept  these  views,  seeing  that  incest 
in  held  in  abhorrence  by  savages  such  as  those  of  Australia 
and  South  America,'^  who  have  no  property  to  bequeath,  or 
fine  moral  feelings  to  confuse,  and  who  are  not  likely  to 
reflect  on  distant  evils  to  their  progeny.  According  to  Mr. 
Iluth  the  feeling  is  the  indirect  result  of  exogamy,  inasmuch 
as  when  this  practice  ceased  in  any  tribe  and  it  became 
endogamous,  so  that  marriages  were  strictly  confined  to  the 
same  tribe,  it  is  not  unlikely  tliat  a  vestige  of  the  former 
practice  would  still  be  retained,  so  that  closely-related 
niarritiges  would  be  prohibited.  AVith  respect  to  exogamy 
itself  Mr.  MacLennan  believes  that  it  aroKC  from  a  scarcity 
of  women,  owing  to  female  infanticide,  aided  perhaps  by 
other  causes. 

It  has  been  clearly  shown  by  Mr.  Huth  that  there  is  no 


**  See  hu  interesttng  work  oa  the 
<  Enrlf  Hwiory  of  Man,'  1S65,  chap.  z. 

«'  *Thc  Marrimge  of  Near  Kia,' 
1S75.  Tke  evidence  givea  by  Mr. 
Huth  would,  I  think,  have  been  eren 
more  valaable  than  it  is  on  this  and 
some  other  points,  if  he  had  referred 
s^delf  to  the  works  of  men  who  had 
lung  resideil  in  each  oountrj  referred 
ta|  and  who  showed  thAt  tbej  ^osatesaed 


ja'igraent  and  caution.  See  also  Mr. 
W.  Adam,  *  On  Consanguinity  in  Mar- 
riage '  in  the  *  Fortnightl/  Review/ 
18  >5,  p.  710.  Also  Hofacker, «  Uebcr 
die  E^jrenschaften,'  &c.,  18'.'8. 

••  Sir  O.  Grey's  *  Journal  of  £zpe« 
ditiotts  into  Australia,'  toI.  li.  p.  243  ; 
and  LX>brizhoff«r,  *  On  tho  Ah*f^w&i  'A 
South  America.' 
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irtRtinctive  feeling  in  man  against  incest  any  more  than  in 
grogarious  animals.  We  know  also  how  readily  any  prejudice 
or  Ibeling  may  rise  to  abhorrence,  as  shown  by  Hindus  in 
regard  to  objects  causing  dofllemeut.  Although  there  seems 
to  be  no  strong  inherited  feeling  in  mankind  against  incest, 
it  «eems  possible  that  men  during  primeyal  times  may  have 
been  more  excited  by  strange  females  than  by  those  with 
whom  they  habitually  lived ;  in  the  same  manner  as  accord- 
ing to  Mr.  Chippies,^'  male  deerhounds  are  inclined  towards 
Htrange  females,  while  the  females  prefer  dogs  with  whom 
they  have  associated.  If  any  such  feeing  formerly  existed 
in  man,  this  would  have  led  to  a  preference  for  marriages 
l)eyond  the  nearest  kin,  and  might  have  been  strengthened 
by  the  olfspring  of  such  marriages  surviving  in  greater 
n  mbors,  as  analogy  would  le.d  us  to  believe  would  have 
occurred. 

Whether  consanguineous  marriages,  such  as  are  permitted 
in  civilised  nations,  and  which  would  not  be  considered  as 
close  interbreeding  in  the  case  of  our  domesticated  animals, 
cause  any  injury  will  never  be  known  with  certainty  until  a 
census  is  taken  with  this  object  in  view.  My  son,  (leorge 
Darwin,  has  done  what  is  possible  at  present  by  a  statistical 
investigation,^  and  he  has  come  to  the  conclusion,  from  his 
own  researches  and  those  of  Dr.  Mitchell,  that  the  evidence  as 
to  any  evil  thus  caused  is  conflicting,  but  on  the  whole  points 
to  the  evil  being  very  small. 

Bircl», — ^In  the  case  of  the  Fwl  a  whole  array  of  authorities 
could  be  given  against  too  close  interbreeding.  Sir  J.  Sebright 
positively  asserts  that  he  made  many  trials,  and  that  his  fowlp, 
when  thus  treated,  became  long  in  the  legs,  small  in  the  body,  and 
bad  Lreeders.*^  He  produced  the  famous  Sebright  Bantams  by 
compiicated  crosses,  and  by  breeding  in-and-in ;  and  since  his  time 
there  bos  boetf  much  close  interbreeding  with  these  animals ;  and 
they  are  now  notoriously  bad  breeders.  1  have  seen  Silver  Bantams, 
directly  descended  from  his  stock,  which  had  become  alraust  as 
barren  as  hybrids;  for  not  a  single  chicken  had  been  that  yc&T 


**  *  Descent  of  Man,  2Dd.  edit  p.  Rev'(w/ Jone^  1875. 

524.  "  *'rhe    Art    of    ImproTi^g    tlM 

*•  '  Journal  of  SUtistical  Soc'  JiiLe^  Brei  I,'  p.  13. 
U75,    p.    153;    vxi    *  Kortaiihtly 
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batched  from  two  full  nosts  of  eggs.  Mr.  Hewitt  says  that  with 
thene  Bantams  the  sterility  of  the  male  stands,  with  rare  exceptions, 
in  the  closest  relation  with  their  loss  of  certain  secondary  male 
chamcters :  he  adds,  "  I  have  noticed,  as  a  general  rnle,  that  even 
the  slightest  deviation  from  feminine  character  in  the  tail  of  the 
male  Sebright~say  the  elongation  by  only  half  an  inch  of  the  two 
principal  tail  feathers — brings  with  it  improved  probability  ot 
increased  fertility/'" 

Mr.  Wright  states"  that  Mr.  Clark, "  whose  fighting-cocks  were 
so  notorious,  continued  to  breed  from  bis  own  kind  till  they  lost 
their  disposition  to  fight,  but  stood  to  be  cut  np  without  making 
any  resistance,  and  were  so  reduced  in  size  as  to  be  under  those 
weights  required  for  the  beet  prizes ;  but  on  obtaining  a  croKS 
from  Mr.  I^ighton,  they  again  resumed  their  former  courage  anfl 
weight."  It  should  be  borne  in  mind  that  game-cocks  before  they 
fought  were  always  weighed,  so  that  nothing  was  left  to  the  imagi- 
nation about  any  reduction  or  increase  of  weight.  Mr.  Clark  does 
not  seem  to  have  bred  from  brothers  and  sisters,  wldch  is  the  moRt 
injurious  kind  of  union;  and  he  found,  after  repeated  trials,  that 
there  was  a  greater  reduction  in  weight  in  the  young  from  a 
father  paired  with  his  daughter,  than  from  a  mother  with  her  son. 
I  may  add  that  Mr.  Eyton,  of  Eyton,  the  well-known  ornithologist, 
who  is  a  large  breeder  ojf  Grey  Dorkings,  informs  me  that  they 
certainly  diminish  in  size,  and  become  less  prolific,  unless  a  cross 
with  another  strain  is  occasionally  obtained.  So  it  is  with  Malays, 
according  to  Mr.  Hewitt,  as  far  as  size  is  conoemed."* 

An  experienced  writer"  remarks  that  the  same  amateur,  as 
is  well  known,  seldom  long  maintains  the  superiority  of  his  birds ; 
and  this,  he  adds,  undoubtedly  is  due  to  all  his  stock  "being 
of  the  same  blood;"  hence  it  is  indispensable  that  he  should 
occasionally  procure  a  bird  of  another  strain.  But  this  is  not 
necessary  with  those  who  keep  a  stock  of  fowls  at  different  stations. 
Thus,  Mr.  Ballance,  who  has  bred  Malays  for  thirty  years,  and 
has  won  more  prizes  with  these  birds  than  any  other  fancier 
in  Euftland,  says  that  breeding  in-and-in  does  not  necessarily 
cause  deterioration ;  "  but  all  depends  upon  how  this  is  managed." 
"  My  plan  has  been  to  keep  about  five  or  fdx  distinct  runs,  and 
to  rear  about  two  hundred  or  three  hundred  chickens  each  year, 
and  select  the  best  birds  from  each  run  for  crossing.  I  thus 
secure  sufficient  crossing  to  prevent  deterioration."  " 


ft 


tl 


M  *The  Poaltry  Book,*  by  W.  B. 
Tegetm^ier,  18d<>,  p.  245. 

**  'JonrDal  Royal  Agricolt  Soc/ 
I  di6,  vol.  vii.  p.  205 ;  tee  aUo  Kergu- 
ffon  on  the  Fowl,  pp.  83, 317 ;  aee  alao 
<  The  Poaltry  Book,'  by  Tegetmeier, 
1866,  p.  135,  with  respect  to  the 
extent  to  which  cock-Hghtem  found 
th^t  they  conld  venture  to  breed  in- 


and-in,  Til.,  occasionally  a  hen  wl'.h 
her  own  son ;  ^  but  they  were  cautious 
not  to  repeat  the  in-and-in  breeding." 

»*  *The  Poultry  Book,'  by  W.  B. 
Tecetmeier,  1866,  p.  79. 

»*  *The  Poaltry  Chronic' e,'  1854, 
Tol.  i.  p.  43. 

»•  *The  Poaltry  Book,  ^y  W.  B. 
Tegetmeier,  1866,' p.  79. 
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Wo  thus  see  that  there  ?s  almost  ooirploto  Qnaniinity  with 
poultry-hrceders  that,  when  fowls  are  kept  at  the  same  place, 
evil  quickly  follows  from  interbreeding  carried  on  to  an  extent 
which  woidd  he  disregarded  in  the  case  of  most  quadrupeds. 
MoreoTBT,  it  is  a  generally  received  opinion  that  cross-bred 
chickens  are  the  hardiest  and  most  easily  reared.'^  Mr.  Tegetmeier, 
who  has  carefully  attended  to  poultry  of  all  breeds,  says"  that 
Dorking  hens,  allowed  to  run  with  Houdan  or  CreTecopur  cocks, 
'*  produce  in  the  early  spring  chickens  that  for  size,  hardihood, 
"  early  maturity,  and  fitness  for  the  market,  surpass  thofie  of  any 
"pure  breed  that  we  hare  ever  raised."  Mr.  Hewitt  gives  it  as 
a  general  rule  with  fowls,  that  crossing  the  breed  increases  their 
size.  He  makes  this  remark  after  stating  that  hybrids  from 
the  pheasant  and  fowl  are  considerably  larger  than  either  progenitor ; 
so  again,  hybrids  from  the  male  golden  pheasant  and  female  common 
pheasant  "are  of  far  larger  size  than  either  parent-bird."*  To 
this  subject  of  the  increased  size  of  hybrids  I  shall  presently  return. 

With  I'iyeon.*,  breeders  are  unanimous,  as  previously  stated, 
that  it  is  absolutely  indispensable,  notwithstanding  the  trouble 
and  expense  thus  caused,  occasionally  to  cross  their  much-prized 
birds  with  individnals  of  another  strain,  but  belonging,  of  course, 
to  tho  Fame  variety.  It  deserves  notice  that,  when  size  is  one 
of  the  desired  characters,  as  with  pouters,^  the  evil  effects  of  close 
interbreeding  are  much  sooner  perceived  than  when  small  birds, 
such  as  short-faced  tumblers,  are  valued.  The  extreme  delicacy 
of  the  high  fancy  breeds,  such  as  these  tumblers  and  improved 
English  carriers,  is  remarkable ;  thev  are  liable  to  many  diseases, 
and  often  die  in  the  egg  or  during  uie  first  moult ;  and  their  eggs 
have  generally  to  be  hatched  under  foster-mothers.  Although 
these  highly-prized  birds  have  invariably  been  subjected  to  much 
close  interbreeding,  yet  their  extreme  delicacy  of  constitution 
cannot  perhaps  bo  thus  fully  explained.  Mr.  \  arrell  informed  me 
that  8ir  J.  Sebright  continued  closely  interbreeding  some  owl- 
pigeons,  until  from  their  extreme  sterility  he  as  nearly  as  popsible 
lost  the  whole  fiimily.  Mr.  Brent  ^^  tried  to  raise  a  breed  of 
trumpeters,  by  cn«8ing  a  common  pigeon,  and  recrossing  the 
daughter,  granddaughter,  great-granddaughter,  ani  gi-eat-great- 
granddaughter,  with  the  same  male  trumpeter,  until  he  ol  (tainted 
a 'bird  with  -f}  of  trumpeter's  blood;  but  then  the  experiment 
failed,  for  "breeding  so  close  stopped  reproduction."  The  ex- 
|)«rienced  Neumeister  ^' also  asserts  that  the  offspring  from  d'>ve- 
c-otes  and  various  other  breeds  are  "generally  very  fertilo  and 


"  *  The  Poultry  Chroaicle,'  rol.  i.  «•  *  A  Treatise  on  Fancy  Pigeons,* 

!».  89  by  J.  M.  Eaton,  p.  56. 

»  'The   Poultry  Book/  1866,   p.  "  •  The  Pigeon  Book/ p  46. 

210.  *■  <  Das   Qanze  der  Taubcns^icht/ 

»  Ibid.  1866,  p.  167  ;  and  *  F  ^^Ctry  1837,  ».  18. 
Chronicle,'  toL  ili.,  18  >5,  p.  15. 
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haxdy  birds :  *  so  again,  MM.  Boitard  and  Ck>rbi^,^  after  fort^-five 
years'  experience,  recommend  persons  to  cross  their  breeos  for 
amusement;  for,  if  they  fiul  to  make  interesting  birds,  they  will 
sncceed  tinder  an  economical  point  of  Yiew, "  as  it  is  fonna  that 
mongrels  are  matre  fertile  than  pigeons  of  pure  race." 

I  will  ref3r  only  to  one  other  animal,  namely,  the  Hive-bee, 
beoaose  a  distingvushed  entomologist  has  advanced  this  as  a  case 
of  incTitable  close  interlnreeding.  As  the  hiye  is  tenanted  by  a 
single  female,  it  might  have  been  thought  tiiat  her  male  and 
female  offspring  would  always  have  bred  together,  more  especially 
as  bees  of  different  hiyes  are  hostile  to  each  wier ;  a  strange  worker 
being  almost  always  attacked  when  trying  to  ent^  another  hive. 
But  Mr.  Tegetmeier  has  shown  ^  that  this  instinct  does  not  apply 
to  drones,  which  are  permitted  to  enter  any  hive;  so  that  tnere 
is  no  a  priori  improbabUity  of  a  queen  receiving  a  foreign  drone. 
The  &ct  of  the  union  invariably  and  necessarily  taking  place 
on  the  wing,  during  the  queen's  nuptial  flight,  seems  to  be  a  special 
provision  against  continued  interbreeding.  However  this  may  be. 
eiperience  has  shown,  since  the  introduction  of  the  yellow-banded 
Lignrian  race  into  Germany  and  England,  that  bees  freely  cross : 
Mr.  Woodbury,  who  introduced  Ligurian  bees  into  Devonshire, 
found  during  a  single  season  that  three  stocks,  at  distances  of  fi'om 
one  to  two  miles  from  his  hives,  were  crossed  by  his  drones. 
In  orie  case  the  Ligurian  drones  must  have  flown  over  the  city 
of  Exeter,  and  over  several  intermediate  hives.  On  another 
occasion  several  common  black  queens  were  crossed  by  Ligiuian 
drones  at  a  distance  of  from  one  to  three  and  a  half  miles.^ 

Plani$. 

When  a  single  plant  of  a  new  species  is  introduced  into  any 
country,  if  propagated  by  seed,  many  individuals  will  soon  be 
raised,  so  that  if  the  proper  insects  be  present  there  will  be  crossing. 
With  newly-introduced  trees  or  other  plants  not  propagat^ 
by  seed  we  are  not  here  concerned.  Witti  old-establisned  plants 
it  is  an  almost  universal  practice  occasionally  to  make  exchanges 
of  seed,  by  which  means  individuals  which  have  been  expo^ 
to  different  conditions  of  life, — and  this,  as  we  have  seen  with 
animals,  diminishes  the  evil  from  close  interbreeding,  —  will 
occasionally  be  introduced  into  each  district. 

With  respect  to  individuals  belonging  to  the  same  sub-variety, 
Gartner,  whose  accuracy  and  experience  exceeded  that  of  all  other 
observers,  states*'  that  he  has  many  times  observed  good  effects 
from  this  step,  especially  with  exotic  genera,  of  which  the  fertility 
is  somewhat   impaired,   such    as   Passiflora,   Lobelia,   Fuchsia. 


«  *  Les  Pigeons,'  1824,  p.  35.  pp.  39,  77,  158 ;  »nd  1864,  p.  2(  6. 
**  *Proc  Kntomolog.  Soc/  Aug.  **  *Beitriige    xur    Kenntniu    iti 

Sfh,  1860,  p.  126.  BefrachtTng,^  1844,  s.  366. 
«•  <  JowimI  of  HorticQltoje,'  1861, 
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Herbert  alflo  gays/^  **  I  am  inclined  to  think  that  I  haye  deriyed 
"advantage  from  imprc^gnating  the  flower  from  which  I  wished 
**  to  obtain  seed  with  pulien  from  another  individual  of  the  samo 
"  variety,  or  at  least  from  another  flower,  rather  than  with  liA 
**  own."  Again,  Professor  Lecoq  ascertained  that  crossed  ofisprin^ 
are  more  vigorons  and  robust  than  their  parents.*' 

General  statements  of  this  kind,  however,  can  seldom  be  fully 
trusted :  I  therefore  began  a  long  series  of  experiments,  ontinued 
for  al)Out  ten  years,  which  will  I  think  conclusiyely  show  the 
good  effects  of  crossing  two  distinct  plants  of  the  same  variety, 
and  the  evil  eflfects  of  long-continued  self-fertilisation.  A  dear 
light  will  thus  be  thrown  on  such  questions,  as  why  flowers  are 
almost  invariably  constructed  so  as  to  permit,  or  fieivour,  or  necessi- 
tate the  union  of  two  individual&  We  shall  clearly  understand 
why  monoecious  and  dioecious, — ^why  dichopimous,  dimorphic  and 
trimorphic  plants  exist,  and  many  other  such  cases.  I  intend  soon 
to  publish  an  account  of  these  exx)eriments,and  I  can  here  give  only 
a  few  cases  in  illustration.  The  plan  which  I  followed  was  to  grow 
plants  in  the  same  pot,  or  in  pots  of  the  same  size,  or  close  together  in 
the  open  ground;  carefully  to  exclude  insects;  and  then  to  fertilise 
some  of  the  flowers  with  pollen  from  the  same  flower,  and  others 
on  the  same  plant  with  pollen  from  a  distinct  but  adjoining  plant. 
In  many  of  these  experiments,  the  crossed  plants  yielded  mucli 
more  seed  than  the  self-fertiUped  plants;  and  I  have  never  seen 
the  reversed  case.  The  self-fertilised  and  crossed  seeds  thus 
obtained  were  allowed  to  germinate  in  the  same  glass  vessel  on 
damp  sand;  and  as  the  seeds  germinated,  they  were  planted 
in  pairs  on  opposite  sides  of  the  same  pot,  with  a  superficial 
partition  between  them,  and  wore  placed  so  as  to  be  equally  ex- 
posed to  the  light.  In  other  cases  the  self-fertilised  and  crossed 
seeds  were  simply  sown  on  opposite  sides  of  the  same  small  pot 
I  have,  in  short,  followed  different  plans,  but  in  every  case  have 
taken  all  the  precautions  which  I  could  think  of,  so  that  the  two 
lots  should  be  equally  favoured.  The  growth  of  the  plants  raised 
from  the  crossed  and  self-fertilised  seed,  were  carefully  observed  from 
their  germination  to  maturity,  in  species  belonging  to  fifty-two 
genera;  and  the  difference  in  their  growth,  and  in  withstanding 
unfavourable  conditions,  was  in  most  cases  manif«)8t  and  strongly 
marked.  It  is  of  importance  that  the  two  lots  of  seed  should  be 
sown  or  planted  on  opposite  sides  of  the  same  pot,  so  that  the  seed- 
lings may  struggle  against  each  other ;  for  if  sown  separately  in 
ample  and  good  soil,  there  is  often  but  little  difference  in  their  growth. 

I  will  brieflv  describe  two  of  the  first  cases  observed  by  me. 
Six  crossed  and  six  self-fertilised  seeds  of  Jpomcea  purp  'rej.,  from 
plants  treated  in  the  manner  above  described,  were  planted  as  soon 
as  they  had  germinated,  in  pairs  on  opposite  sides  of  two  pots, 
and  rods  of  equal  thickness  were  given  them  to  twina  up.    Fiva 

•'  •  AtDaryllidaccc/  p.  371.  «•  *  De  la  F^oondation,*  2ikI  adit.,  18G2,  {>.  79i 
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of  the  crossed  plants  grew  from  the  first  more  quickly  than  the 
pppoeed  Belf-fertilised  plants ;  the  sixth,  howeyer,  was  weakly  and 
was  for  a  tmie  beaten,  bat  at  last  its  sounder  constitution  prevailed 
and  it  shot  ahead  of  its  antagonist.  As  soon  as  each  crossed  plant 
reached  the  top  of  its  seven-foot  rod  its  fellow  was  measured,  and 
the  result  was  that,  when  the  crossed  plants  were  seven  feet  high 
the  self-fertilised  had  attained  the  average  height  of  only  five  feet 
four  and  a  half  inches.  The  crossed  plants  flowered  a  little  before, 
and  more  profusely  than  the  self-fertilised  plants.  On  opposite 
sides  of  another  smttU  pot  a  large  number  of  crossed  and  self- 
fertilised  seeds  were  sown,  so  that  they  had  to  struggle  for  bare 
existence ;  a  single  rod  was  given  to  each  lot :  hare  again  the  crossed 
plants  showed  from  the  first  their  advantage ;  they  never  quite 
reached  the  summit  of  the  seven-foot  rod,  but  relatively  to  the 
self-fertilised  plants  their  average  height  was  as  seven  feet  to  five 
feet  two  inches.  The  experiment  was  repeated  during  several 
succeeding  generations,  treated  in  exactly  the  same  manner,  and 
with  nearly  the  same  result.  In  the  second  generation,  the  crossed 
plants,  which  were  again  crossed,  produced  121  seed  -  capsules, 
whilst  the  self-fertilised,  again  self-fertilised,  produced  only  84 
capsules. 

Some  flowers  of  the  Mimulus  luU»8  were  fertilised  with  their 
own  pollen,  and  others  were  crossed  with  pollen  from  distinct  plants 
growmg  in  the  same  pot  The  seeds  were  thickly  sown  on 
opposite  sides  of  a  pot  The  seedlings  were  at  first  equal  in 
height;  but  when  the  young  crossed  plants  were  half  an  inch, 
the  self-fertilised  plants  were  only  a  quarter  of  an  inch  high. 
But  this  degree  of  inequality  did  not  lost,  for,  when  the  crossed 
plants  were  four  and  a  half  inches  high,  the  self-fertilised  were 
three  inches,  and  Ihey  retained  the  same  relative  difference  till 
their  growth  was  complete.  The  crossed  plants  looked  fiur  more 
vigorous  than  the  uncrossed,  and  flowered  before  them;  they 
produced  also  a  far  greater  number  of  capsules.  As  in  the  former 
case,  the  experiment  was  repeated  during  several  succeeding  gene- 
rations. Had  I  not  watched  these  plants  of  Mimulus  and  Ipomoea 
during  their  whole  growth,  I  could  not  have  believed  it  possible, 
that  a  differ^ace  apparently  so  slight  as  that  of  the  pollen  being  taken 
from  the  same  flower,  or  from  a  distinct  plant  growing  in  the  same 
pot,  could  have  made  so  wonderful  a  difference  in  the  growth  and 
vigour  of  the  pluitsthus  produced.  This,  under  a  physiological 
point  of  view,  is  a  most  remarkable  phenomenon. 

With  respect  to  the  benefit  derived  from  crossing  distinct 
▼arietien,  plenty  of  evidence  has  been  published.  Sageret^  re- 
peatedly speaks  in  strong  terms  of  the  vigour  of  melons  raised  by 
crossing  aifferent  varieties,  and  adds  that  they  are  more  easilv 
fertilised  than  common  melons,  and  produce  numerous  good  seed 


«*  'M^nroiresur  les  Cucurbitacees,'  pp.  36,  28,  30. 
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Here  follows  the  evidence  of  an  Ei^Iish  gardener:*^  "I  have  this 
"  summer  met  with  better  sacoeBs  in  my  cnltiTation  of  meloDfi,  in 
^  an  unprotected  state,  from  the  seeds  of  hybrids  (t.«.  mongrels) 
obtained  by  ctofls  impregnation,  than  with  old  Tarieties.  The 
ofiGspring  of  three  different  hybridisations  (one  more  especially,  of 
which  the  parents  were  the  two  most  dissmiilar  Tarietics  I  could 
select)  each  yielded  more  ample  and  finer  produce  than  any  one 
of  between  twenty  and  thirty  established  Tarieties." 
Andrew  Knight"  believed  that  his  seedlings  from  crossed  yarieties 
of  the  apple  exhibited  increased  vi^ur  and  luxuriance;  and  M. 
Ghevreul^  alludes  to  the  extreme  Tigour  of  some  of  the  crossed 
fruit-trees  raised  by  Sageret. 

By  crossing  reciprocally  the  tallest  and  shortest  peas,  Enighf 
says :  ^  I  had  in  this  experiment  a  striking  instance  of  the 
"  stimulative  effects  of  crossme  the  breeds;  for  the  smallest  variety, 
"  whose  height  rarely  exceedeoL  two  feet,  was  increased  to  six  feet; 
"  whilst  the  height  of  the  large  and  luxuriant  kind  was  veiv  little 
"  diminished."  Mr.  Laxton  gave  me  seed-peas  produced  from 
grosses  between  four  distinct  kinds ;  and  the  plants  tnus  raised  were 
extraordinarily  vigorous,  being  in  each  case  from  one  to  two  or  three 
feet  ^ller  than  the  parent-forms  growing  close  alongside  them. 

Wiegmann^  made  many  crosses  between  several  varieties  ot 
cabbage;  and  he  speaks  with  astonishment  of  the  vigour  and 
height  of  the  mongrels,  which  excited  tlie  amazement  of  all  the 
gardeners  who  beheld  them.  Mr.  Chaundy  raised  a  great  number 
of  mongrels  by  planting  together  six  distinct  varieties  of  cabbage. 
These  mongrels  displayed  an  infinite  diversity  of  character ;  "  But 
**  the  most  remarkable  circumstance  was,  that,  while  all  the  other 
"  cabbages  and  borecoles  in  the  nursery  were  destroyed  by  a  severe 
**  winter,  these  hybrids  were  little  injured,  and  supplied  the  kitchen 
"  when  there  was  no  other  cabbage  to  be  had." 

Mr.  Maund  exhibited  before  the  Boyal  Agricultural  Society" 
specimens  of  crossed  wheat,  t(^ther  with  their  parent  varieties ; 
and  the  editor  states  that  they  were  intermediate  in  character, 
"  united  with  that  greater  vigour  of  growth,  which  it  appears,  in 
"  the  vegetable  as  in  the  animal  world,  is  the  result  of  a  fii-st  cross." 
Knight  also  crossed  several  varieties  of  wheat,^  and  he  says  "  that 
"  in  the  years  1795  and  1796,  when  almost  the  whole  crop  of  com 
"^  in  the  island  was  blighted,  the  varieties  thus  obtained,  and  tliero 
"  only,  escaped  in  this  neighbourhood,  though  sown  in  several 
"  different  soils  and  sitnatians." 


**  London's  *  Gurd.  Mag.,'  vol.  ▼iii.,  **  *  Ueber  die   BastarderzeuguDg/ 

1832,  p.  52.  1828,  s.  82,  S3.     For  Mr.  Chaundy'i 

^^  *  Transact.  Hort.  Soc.,'  vol.  i.  p.  casa,  see  London's  *Gard.  Mag.'  toL 

25.  rii.  1831,  p.  696. 
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**  *  Philosophical        Transactions,'  *'*  *Philo$opK.  Tran^utct.,'  1799),  f 

1799,  p.  200.  201. 


Chap.  XTU 


KVTL  FROM   INTEBBREEDIKO. 


Ill 


Heie  is  a  remarkable  case :  M.  CHotzsch"  croased  Pimu  fylvstri9 
and  nigriean8f  Quercun  robur  and  pedttuculaiu,  Alnu»  fflutinoa  i  and 
incjna,  Uhnus  catnpeiUrt9  and  efftMi ;  and  the  croea-fertilised  seeds, 
as  well  as  seeds  of  the  pore  parent-trees,  were  all  sown  at  the  same 
time  and  in  the  same  place.  The  result  was,  ihat  after  an  interval  of 
eight  years,  the  hybrids  were  one-third  taller  thmi  the  pure  trees ! 

The  fiicts  above  given  refer  to  nndmbted  varieties,  excepting 
the  trees  crossed  by  Clotzsch,  which  are  ranked  by  Ydrious  botanists 
as  strongly-marked  races,  sub-species,  or  species.  That  true 
hybrids  raised  from  entirely  distinct  species,  though  they  lose  iu 
fertility,  often  gain  in  size  and  constitutional  vigour,  is  certain.  It 
would  be  superfluous  to  quote  any  facts;  for  all  experimenters, 
Kolreuter,  Gartner,  Herliert,  Sageret,  Lecoq,  and  Naudin,  have 
been  struck  with  the  wonderful  vigour,  height,  size,  tenacity  of  life, 
precocity,  and  hardiness  of  their  hybrid  productions.  Gartner'^ 
sums  up  his  conviction  on  this  head  in  the  strongest  terms.  Kol- 
reuter^ gives  numerous  precise  measurements  of  the  weight  and 
height  of  his  hybrids  in  his  oomparifon  with  measurements  of  both 
parent-forms ;  and  speaks  with  astonishment  of  their  htatura  par- 
**  tentomi**  their  "  ainbituB  vastisaimui  ac  alt  it  a/ fo  wide  consjdcua,** 
Some  exceptions  to  the  rule  in  the  case  of  very  sterile  hybrids  have, 
however,  been  noticed  by  Gartner  and  Herbert;  but  the  most 
striking  exceptions  are  given  by  Biax  Wichura,*^  who  found  that 
hybrid  willows  were  generally  tender  in  constitution,  dwarf,  and 
short-lived. 

Kdlreuter  explains  the  vast  increase  in  the  size  of  the  roots, 
stems,  Ac.,  of  his  hybrids,  as  the  result  of  a  sort  of  compensation 
due  to  their  sterility,  in  the  same  way  as  many  eroosculaied 
animals  are  larger  than  the  perfect  males.  This  view  seems  at  first 
sight  extremely  probable,  and  has  been  accepted  by  various  authors  ;*^^ 
but  Gartner^  has  well  remarked  that  there  is  much  difficulty  in 
fully  admitting  it ;  for  with  many  hybrids  tliere  is  no  parallelism 
between  the  degree  of  their  sterility  and  their  increased  size  and 
vigour.  The  most  striking  instances  of  luxuriant  growth  have  been 
olwerved  with  hybrids  which  were  not  sterile  in  any  extreme 
degree.  In  the  genus  Mirabilis,  certain  hybrids  are  unusually 
fertile,  and  their  extraordinary  luxuriance  of  growth,  together  witli 


«'  Quoted  in  <  Ball.  Hot.  Soa 
France,*  toI  ii.,  1855,  p.  327. 
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their  eDormous  roots,**  have  been  transmitted  to  tlieir  progeny 
The  result  in  all  cases  is  probably  in  part  due  to  the  flaying  of 
nutriment  and  vital  force  through  the  sexual  organs  acting  imper- 
fectly or  not  at  all,  but  more  especially  to  the  general  law  of  grxxl 
lieing  derived  from  a  cross.  For  it  deserves  especial  attention  that 
mongrel  animals  and  plants,  which  are  so  far  from  being  sterile  that 
thuir  fertility  is  often  actually  augmented,  have,  as  previously 
shown,  their  size,  hardiness,  and  constitutional  vigour  generally 
increased.  It  is  not  a  little  remarkable  that  an  accession  of  vigour 
and  size  should  thus  arise  under  the  opposite  contingencies  of 
increased  and  diminished  fertility. 

It  is  a  perfectly  well  ascertained  &ct*^  that  hybrids  invariably 
breed  with  either  pure  parent,  and  not  rarely  with  a  distinct  species, 
more  readily  than  with  one  another.  Herbert  is  inclined  to  explain 
eveL  this  fact  by  the  advantage  derived  from  a  cross ;  but  Gartner 
more  justly  accounts  for  it  by  the  pollen  of  the  hybrid,  and 
probably  its  ovules,  being  in  some  degree  vitiated,  whereas  the 
pollen  and  ovules  of  both  pure  parents  and  of  any  third  species  are 
sound.  Nevertheless,  there  are  some  well-ascertained  and  re- 
markable facts,  which,  as  we  shall  presently  see,  show  that  a  cross 
by  itself  undoubtedly  tends  to  increase  or  re-establish  the  fertility 
of  hybrids. 

The  same  law,  namely,  that  the  crossed  ofifepring  both  of  varieties 
and  species  are  larger  than  the  parent-forms,  holds  good  in  the 
most  striking  manner  with  hybrid  animals  as  well  as  with  mongrels. 
Mr.  Bartlett,  who  has  had  such  large  experience  says,  "  Among  all 
"  hybrids  of  vertebrated  animals  there  is  a  marked  increase  of  Mize." 
Ho  then  enimierates  many  cases  with  mammals,  including  monkeys^ 
and  with  various  £Eunilie8  of  birds.*^ 

On  certain  Hermaphrodite  Plants  which,  either  normally  or  ahnor- 
mally,  require  to  he  fertilieed  hy  pollen  from  a  diatinct  individual 
<jr  gpecies. 

The  facts  now  to  be  given  differ  from  the  foregoing,  as 
self-sterility  is  not  here  the  result  of  long-continued  closo 
interbreeding.  These  facts  are,  however,  connected  wiih  our 
present  subject,  because  a  cross  with  a  distinct  individual  is 
shown  to  be  either  necessary  or  advantageous.  Dimorphio 
and  trimorphic  plants,  though  they  are  hermaphrodites,  must 
be  reciprocally  crossed,  one  set  of  forms  by  the  other,  in  order 
to  be  fully  fertile,  and  in  some  cases  to  be  fei-tile  in  any  degree. 

•»  Kolreuter,  *Nova  AcU,"    27V5,      430. 
p.  ol6.  ^  Quoted  by  Dr.  Marie,  in  *ProCi 

**  Giirtner,  *■  Biistcrderxeugtinj;,'  8.       Zuolog.  Soc.,'  1870,  p.  40. 
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But  I  should  not  have  noticed  th<«e  plants,  Jiad  i^  not  been 
for  the  following  cases  given  by  Dr.  Ilildebrand  :** — 

PrimvJa  ^inttunw  is  a  reciprocally  dimorphic  species :  Dr.  Hilde- 
brand  fertilised  twenty-eight  flowers  of  both  forms,  each  by  pollen  of 
the  other  form,  and  obtained  the  full  number  of  capsules  containing 
on  an  average  4t2'7  seed  per  capsule ;  here  we  have  complete  and 
normal  fertility.  He  then  fertilised  forty-two  flowers  of  both  forms 
with  pollen  of  the  same  form,  but  taken  from  a  distinct  plant,  and 
all  produced  capsules  containing  on  an  average  only  lir6  seed. 
Idistly,  and  here  we  come  to  onr  moi*e  immediate  point,  he  fertilised 
forty-eight  flowers  of  both  forms  with  pollen  of  tbo  same  form  and 
taken  from  the  same  flower,  and  now  he  obtained  only  thirty-twc 
capsules,  and  these  contained  on  an  avemge  18*6  seed,  or  one  less 
per  capsule  than  in  the  former  case.  So  that,  with  tliese  illegitimate 
unions,  the  act  of  impregnation  is  less  assured,  and  the  fertility 
slightly  less,  when  the  pollen  and  ovules  belong  to  the  same  flower, 
than  when  belonging  to  two  distinct  individuals  of  the  same  form. 
Dr.  llildebrand  has  recently  made  analogous  cs]:x)riment8  on  the 
long -styled  form  of  OxalU  rosea^  with  the  same  result.*^^ 

It  has  recently  been  discovered  that  certain  plants,  whilst 
growing  in  their  native  country  under  natural  conditions, 
cannot  be  fertilised  with  pollen  from  the  same  plant.  They 
are  sometimes  so  utterlj^  self-impotent,  thaf,  though  they  can 
readily  be  fertilised  by  the  pollen  of  a  distinct  species  or 
even  distinct  genus,  yet,  wonderful  as  is  the  fact,  they  never 
produce  a  single  seed  by  their  own  pollen.  In  some  cases, 
moreover,  the  plant^s  own  pollen  and  stigma  mutually  act  on 
each  other  in  a  deleterious  manner.  Most  of  the  facts  to  be 
given  relate  to  orchids,  but  I  will  commence  with  a  plant 
belonging  to  a  widely  different  family. 

Sixty-three  flowers  of  Oorydalis  civa,  borne  on  distinct  plants, 
were  fertilised  by  Dr.  Hildebrand^®  with  pollen  from  other  plants  of 
ttie  same  species;  and  fifty-eight  capsules  were  obtained,  including 
on  an  average  4'5  seed  in  each.  He  then  fertilised  sixteen  flowers 
produced  by  the  same  raceme,  one  with  another,  but  obtained  only 
three  capsules,  one  of  which  alone  contained  uny  good  seeds, 
namely,  two  in  number.  Lastly,  he  fertilised  twenty-seven  flowers, 
each  with  its  own  pollen;  he  left  albo  fifty-seven  flowers  ta  be 
spontaneously  fertilised,  and  this  would  certainly  have  ensued  if  it 


«*  *  BcUnische  Zeitnng,'  Jan.  1864,  B«*liii,  1866,  a.  .372. 

a.  3.  ««  iDfcuTDatiouHl     Hort.    Oougrei% 

*'  ' MonaUbericht   Akad.    Wissea,'  Unloa,  IStiU. 

VOU   CL  I 


114  GOOD  FROM  0ROS8INQ.  ClUP.  XVIL 

had  been  possible,  for  the  anthers  not  only  touch  the  stigma,  but 
the  ix>]len-tubes  were  seen  by  Pr.  Hildebrand  to  penetrate  it* 
nevertheless  these  eighty-four  flowers  did  not  produce  a  single 
Feed -capsule  1  This  whole  case  is  highly  instructive,  as  it  shows 
how  widely  diflTerent  the  action  of  the  same  pollen  is,  according  as 
it  is  placed  on  the  stigma  of  the  same  flower,  or  on  that  of  anothei 
flower  on  the  same  raceme,  or  on  that  of  a  distinct  plant 

With  exotic  Orchids  several  analogous  cases  have  been  observed, 
chiefly  by  Mr.  John  Scott^  Onddium  tphacelatum  has  effective 
jK>llen,  for  Mr.  Scott  fertilised  two  distinct  species  with  it:  the 
ovules  are  likewise  capable  of  impregnation,  for  they  were  readily 
fertilised  by  the  pollen  of  0.  divarioatum ;  nevertheless,  between 
one  and  two  hundred  flowers  fertilised  by  their  own  pollen  did  not 
produce  a  single  capsule,  though  the  stigmas  were  penetrated  by 
the  pollen-tubes.  Mr.  Robertson  Munro,  of  the  Koyal  Botanic 
Gardens  of  Edinburgh,  also  informs  me  (1864)  that  a  hundred  and 
twenty  flowers  of  this  same  species  were  fertilised  by  him  with 
their  own  pollen,  and  did  not  produce  a  capsule,  but  eight  flowers, 
fertilised  by  the  pollen  of  0.  dioaricatam,  produced  four  fine  cap- 
sules :  again,  between  two  and  three  hundred  flowers  of  O.  divaru 
catum,  fertilised  by  their  own  pollen,  did  not  set  a  capsule,  but 
twelve  flowers  fertilised  by  O.fiexuoaum  produced  eight  fine  cap- 
sules :  so  that  here  we  have  thi^  utterly  self-impotent  species,  with 
their  male  and  female  organs  perfect,  as  shown  by  their  mutual 
fertilisation.  In  these  cases  fertilisation  was  effected  only  by  the 
aid  of  a  distinct  species.  But,  as  we  shall  presently  see,  distinct 
plants,  raised  from  seed,  of  Oncidium  flexuosum,  and  probably  of  the 
other  species,  would  have  been  perfectly  capable  of  fertilising  each 
other,  for  this  is  the  natural  process.  Again,  Mr.  Scott  found  that  the 
pollen  of  a  plant  of  (J.  microchilum  was  effective,  for  with  it  he  ferti- 
lised two  distinct  species ;  he  found  its  ovules  good,  for  they  d^uld 
lie  fertilised  by  the  pollen  of  one  of  these  species,  and  by  the  pollen 
of  a  distinct  plant  of  0.  microchUum ;  but  they  could  not  be  ferti- 
lised by  pollen  of  the  same  phmt,  though  the  poUen-tubes  penetrated 
the  stigma.  An  analogous  case  has  been  recorded  by  M.  Riviere,^ 
with  two  plants  of  0.  caoenduhianum,  which  were  both  self-sterile, 
but  reciprooally  fertilised  each  other.  All  those  cases  refer  to  \he 
genus  Oncidium,  but  Mr.  Scott  found  that  Maxiilaria  atro^rtibeni 
was  "  totally  insusceptible  of  fertilisation  with  its  own  pollen,''  but 
fertilised,  and  was  fertilised  by,  a  widely  distinct  species,  viz.  M. 
Hjuaiens. 

As  these  orchids  had  been  grown  under  unnatural  conditions  in 
hot-houses,  I  concluded  that  their  self-sterility  was  due  to  this 
cause.    But  Fritz  Miiller  informs  me  that  at  Desteno,  in  Brazil,  he 
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fertilised  alwTe  one  hundred  flowers  of  the  ahoTe-mentioned  Onci. 
dium  flt-xuas'tm,  which  is  there  ondemic,  with  its  own  pollen,  and 
with  that  taken  from  distinct  plants :  all  tlie  former  were  sterile, 
whilst  those  fertilised  hy  pollen  from  any  other  p/ant  of  the  same 
species  were  fertile.  Daring  the  first  three  days  there  was  no 
difference  in  the  action  of  the  two  kinds  of  pollen :  that  placed  on 
stigma  of  the  same  plant  separated  in  the  usual  manner  into  grains, 
and  emitted  tubes  which  penetrated  the  column,  and  the  stigmatio 
chamber  shut  itself;  but  only  those  flowers  which  had  been  fertilised 
by  pollen  taken  from  a  distinct  plant  produced  seed-capsules.  On 
a  subsequent  occasion  these  experiments  were  reneatoa  on  a  large 
scale  with  the  same  result.  Fritz  Miiller  founa  that  four  other 
endemic  specios  of  Oncidium  were  in  like  manner  utterly  sterile 
with  their  own  pollen,  but  fertile  with  that  from  any  other  plant : 
some  of  them  likewise  produced  seed-capsules  when  impregnated 
with  pollen  of  widely  distinct  genera,  such  as  Cyrtopoaium,  and 
Rodriguezia.  Oncidittm  a'is}»um,  however,  differs  from  the  for^ 
going  species  in  varying  much  in  its  self-sterility;  some  plaLts 
producing  fine  pods  with  their  own  pollen,  others  failing  to  ao  so 
in  two  or  three  instances,  Fritz  MUller  observed  that  the  pods  pro- 
duced by  pollen  taken  from  a  distinct  flower  on  the  same  plant,  were 
larger  than  those  produced  by  the  flower's  own  pollen.  In  Epiden- 
drum  cinnaharinum,  an  orchid  belonging  to  another  division  of  the 
^mily,  fine  pods  were  produced  by  the  plant's  own  pollen,  but  they 
Contained  by  weight  only  about  half  as  much  seed  as  the  capsules 
which  had  been  fertilised  by  pollen  from  a  distinct  plant,  and  in 
one  instance  from  a  distinct  species ;  moreover,  a  verv  large  propor- 
tion, and  in  some  cases  nearly  all  the  seeds  produced  by  Uie  plant's 
own  pollen,  were  destitute  of  an  embryo.  Some  self-fertilised 
capsules  of  a  Maxillaria  were  in  a  similar  state. 

Another  observation  made  by  Fritz  Miiller  is  highly  remarkable, 
namely,  that  with  various  orchids  the  plant's  own  pollen  not  only 
fails  to  impregnate  the  flower,  but  acts  on  the  stigma,  and  is  acted 
on,  in  an  injurious  or  poisonous  manner.  This  is  shown  by  th« 
surface  of  the  stigma  in  contact  with  the  pollen,  and  by  the  pollen 
itself,  becoming  in  from  three  to  five  days  dark  brown,  ana  then 
decaying.  The  discoloration  and  decay  are  not  caused  by 
parasitic  cryptograms,  which  were  observed  by  Fritz  Muiler  in  only 
a  single  instance.  These  changes  are  well  shown  by  placing  on 
the  same  stigma,  at  the  same  time,  the  plant*s  own  pollen  and 
that  from  a  distinct  plant  of  the  same  species,  or  of  another 
species,  or  even  of  another  and  widely  remote  genus.  Thus, 
on  the  stigma  of  Oncidium  flex'tosum,  the  plant's  own  pollen  and 
that  from  a  distinct  plant  were  placed  side  by  side,  acd  in  five  days' 
time  the  latter  was  perfectly  fresh,  whilst  the  plant's  own  pollen 
was  brown.  On  the  other  hand,  when  ihe  pollen  of  a  distinct  plant 
of  the  Oncidium  fUxaonum  and  of  the  Epidti,dr%im  zebra  (nov, 
spec  f^  were  placed  together  on  the  same  stigma,  they  behavt^i  in 
aaotly  the  same  maimer,  the  grains  separating,  emitting  tubesi 
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«nd  penotraiing  the  stigma,  bo  that  the  two  polIen-XDasses,  after  an 
iuterval  o<  eleven  days,  could  not  he  distinguished  except  hy  the 
difference  of  their  catidicle!>,  which,  of  coarse,  undergo  no  change. 
Fritz  Muller  has,  moreover,  made  a  large  numher  of  crosses  between 
orchids  belonging  to  distinct  species  and  genera,  and  he  finds  that 
in  all  cases  when  the  flowers  are  not  fertilised  their  footstalks  first 
begin  to  wither ;  and  the  withering  slowly  spreads  upwards  until 
the  germens  fall  off,  after  an  interval  of  one  or  two  weeks,  and  in 
one  instance  of  between  six  and  seven  weeks  -,  but  even  in  this  lattev 
case,  and  in  most  other  cases,  the  pollen  and  stdgma  remained  in 
appearance  fresh.  Occasionally,  however,  the  pollen  becomes 
brownish,  generally  on  the  external  surface,  and  not  in  contact  with 
the  stigma,  as  is  invariably  the  case  when  the  plant's  own  pollen  is 
applied. 

Fritz  M  tiller  observed  the  poisonous  action  of  the  plant's  own 
tx>llen  in  the  above-mention^  Ouciilium  fiexnosum,  O.  unicarne, 
tmbes  (/),  and  in  two  other  unnamed  species.  Also  in  two  species  of 
JKodriguezia,  in  two  of  Notylia,  in  one  of  Burlingtonia,  and  of  a 
fourth  genus  in  the  same  group.  In  all  these  cases,  except  the  last, 
it  was  proved  that  the  flowers  were,  as  might  have  been  expected, 
fertile  with  pollen  from  a  distinct  plant  of  the  same  species. 
Numerous  flowers  of  one  species  of  Kotylia  were  fertilised  with 
pollen  from  the  same  raceme  ;  in  two  days'  time  they  all  withered, 
the  germens  began  to  shrink,  tJhe  poUen^masses  became  dark  brown, 
and  not  one  pollen-grain  emitted  a  tube.  So  that  in  this  orchid  the 
hijarious  action  of  the  plant's  own  pollen  is  more  rapid  than  with 
Oncidiuin  fltxuesum.  Fight  other  flowers  on  the  same  raceme  were 
fertilised  with  pollen  from  a  distinct  plant  of  the  same  species :  two 
of  these  were  oissected,  and  their  stigmas  were  found  to  be  pene- 
trated by  numberless  pollen- tubes ;  and  the  germens  of  the  other 
six  flowers  became  well  developed.  On  a  subsequent  occasion  many 
other  flowers  were  fertilised  with  their  own  pollen,  and  all  fell  ofl 
dead  in  a  few  days ;  whilst  some  flowers  on  the  same  raceme  which 
had  been  left  simply  unfertilised  adhered  and  long  remained  fresh. 
We  have  seen  that  in  cross-unions  between  extnanely  distinct 
orchids  the  pollen  long  remains  undecayed  ;  but  Notylia  behaved 
in  this  respect  differently ;  for  when  its  pollen  was  placed  on  the 
atigma  of  Oneidium  flexuofum,  both  the  stigma  and  pollen  quickly 
became  dark  brown,  in  the  same  manner  as  if  the  plant's  own  pollen 
had  been  applied. 

Fritz  Miiller  suggests  that,  as  in  all  these  cases  the  plant's  own 
pollen  is  not  only  impotent  (thus  effectually  preventing  self-fertilisa- 
tion), but  likewise  prevents,  as  was  ascertained  in  the  case  of  the 
Kotylia  and  Oncidium  fltxuosum,  the  action  of  subsequently  applied 
pollen  from  a  distinct  individual,  it  would  be  an  advantage  to  the 
plant  to  have  it«  own  pollen  rendered  more  and  more  deleterious; 
for  the  germens  wouid  thus  qiiickly  be  killed,  and  dropping  off, 
there  would  be  no  further  waste  in  nourishing  a  pitft  whidi 
ultimately  oonld  be  of  no  avail 
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The  same  naturalist  f«tund  in  Brazil  three  plants  of  a  Bignonia 
growing  near  together.  He  fertilised  twenty-nine  flowerets  on  one 
of  them  with  their  own  pollen,  and  they  did  not  set  a  single 
capsule.  Thirty  flowers  were  then  fertilised  with  pollen  from  a 
distinct  plant,  one  of  the  three,  and  they  yielded  only  two  capsuleR. 
Lastly,  flye  flowers  were  fertilised  with  pollen  from  a  fourth 
plant  growing  at  a  distance,  and  all  five  produced  capsules. 
Fritz  Miiller  thinks  that  the  three  plants  which  grew  near  one 
another  were  probably  seedlings  from  the  same  parent,  and  that 
from  being  closely  related,  they  acted  very  feebly  on  one  another. 
This  Tiew  is  extremely  probable,  for  he  has  since  shown  in  a 
remarkable  paper,^^  that  m  the  case  of  some  Brazilian  species  of 
Abutilon,  wmch  are  self-sterile,  and  between  which  he  raised  some 
complex  hybrids,  that  these,  if  near  relatives,  were  much  lees  fertile 
inttr  96,  than  when  not  closely  related. 

We  now  oome  to  oases  closely  analogous  with  those  just 
given,  but  different  in  so  far  that  only  certain  individuals 
of  the  spec'es  are  self-sterile.  This  self-impotenoe  does  not 
depend  on  the  pollen  or  ovules  being  in  an  unfit  state  for 
fei  tilisation,  for  both  have  been  found  effective  in  union  with 
other  plants  of  the  same  or  of  a  distinct  species.  The  fact 
of  plants  having  acquired  no  peculiar  a  constitution,  ihat  they 
can  be  fertilised  more  readily*  by  the  pollen  of  a  distinct 
species  than  by  their  own,  is  exactly  the  reverse  of  what 
occurs  with  all  ordinary  species.  For  in  the  latter  the  two 
sexual  elements  of  the  same  individual  plant  are  of  oonrso 
capable  of  freely  acting  on  each  other ;  but  are  so  constituted 
that  they  are  more  or  less  impotent  when  brought  into  union 
with  the  sexual  elements  of  a  distinct  species,  and  produce 
more  or  lesi  sterile  hybrids. 

Gartner  experimented  on  two  plants  of  Lobelia  fvdgens,  brought 
from  separate  places,  and  found  ^'  that  their  pollen  was  good,  for  he 
fertilised  with  it  L,  caidinalin  and  syphilitica;  their  ovules  were 
likewise  good,  for  they  were  fertilised  by  the  pollen  of  these  same 
two  species ;  but  these  two  plants  of  X.  fulgent  could  not  be  fertilised 
by  their  own  pollen,  as  can  generally  be  effected  with  perfect  ease 
with  this  species.  Again,  the  pollen  of  a  plant  of  VtTb(v^cum  nigrum 
grown  in  a  pot  was  found  by  Gartner^'  canable  of  fertilising  K. 
lychnitis  and  K.  atutrictcum ;  the  ovules  coula  be  fertilised  by  the 
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pollen  of  V.  thapnu ;  but  the  flowers  oonld  not  be  fertilised  by  their 
own  pollen.  Kolronter,  also/*  gives  the  case  of  three  garden  plants 
of  Verhaacum  phcmwetim,  which  bore  daring  two  years  many  flowers ; 
these  he  fertilised  saccessfolly  with  the  pollen  of  no  less  than 
four  distinct  species,  but  they  produced  not  a  seed  with  their  own 
apparently  good  pollen ;  subsequently  these  same  plants,  and  othors 
raised  from  seed,  assumed  a  strangely  fluctuating  condition,  being 
temporarily  sterile  on  the  male  or  female  side,  or  on  both  sides,  and 
sometimes  fertile  on  both  sides ;  but  two  of  the  plants  were  perfectly 
fertile  throughout  the  summer. 

With  Bescdsi  odorata  I  have  found  certain  individuals  quite  sterile 
with  their  own  pollen,  and  so  it  is  with  the  indigenous  Reneria  Itttea, 
The  self-sterile  plants  of  both  species  were  perfectly  fertile  when 
crossed  with  pollen  from  any  other  individual  of  the  same  species. 
These  observations  will  hereafter  be  published  in  another  work,  in 
which  I  shall  also  show  that  seeds  sent  to  me  by  Fritz  Miiller 
produced  by  plants  of  Eachacholtzi'i  oalifomici  which  were  quite 
self-sterile  in  Brazil,  yielded  in  this  country  plants  which  were  only 
slightly  self-sterile. 

It  appears^^  that  certain  flowers  on  certain  plants  of  LVxum 
candidum  can  be  fertilised  more  freely  by  pollen  from  a  distinct 
individual  than  by  their  own.  So,  again,  with  the  varieties  of  the 
potato.  Tinzmann,^*  who  made  many  trials  with  this  plant,  says 
that  pollen  from  another  variety  sometimes  "exerts  a  powerful 
'*  influence,  and  I  have  found  sorts  of  potatocis  which  would  not 
*'  bear  seed  from  impregnation  with  the  pollen  of  their  own  flowers 
"  would  befur  it  when  impregnated  with  other  pollen."  It  does 
not,  however,  appear  to  have  been  proved  that  the  pollen  which 
foiled  to  act  on  the  flower*s  own  stigma  was  in  itself  good. 

In  the  genus  Passiflora  it  has  long  been  known  that  several 
species  do  not  produce  fruit,  unless  fertilised  by  pollen  taken  from 
distinct  species:  thus,  Mr.  Mowbray ^^  found  that  he  could  not  get 
fruit  from  F,  cdcUa  and  racejiMsa  except  by  reciprocally  fertilising 
them  with  each  other's  pollen ;  and  similar  facts  have  been  observed 
in  Oermany  and  France.^*  I  have  received  two  accounts  of  P. 
tmadrangularia  never  producing  fruit  from  its  own  pollen,  but 
doing  so  freely  when  fertilised  in  one  case  with  the  pollen  of  P. 
ccendea,  and  in  another  case  with  that  of  P.  tduli$.    But  in  three 


'«  <Zw«ite  Forteetxung/  ■.  10; 
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other  caseB  this  species  fruited  freely  when  fertilised  with  its  own 
pollen ;  and  the  writer  in  one  case  attributed  the  fayourable  result 
to  the  temperature  of  the  house  having  been  raided  from  5^  to  10° 
Fahr.  above  the  former  temperature,  after  the  flowers  were  fertilised.'* 
With  respect  to  t*.  laurifoiia,  a  cultivator  of  much  experience  has 
recently  remarked"^  that  the  flowers  "must  be  fertilised  with  the 
pollen  of  P,  eoeruleoy  or  of  some  other  common  kind,  as  their  own 
pollen  will  not  fertilise  them."  But  the  fullest  details  on  this 
subject  have  been  given  by  Messrs.  Scott  and  Bobertson  Munro :" 

Slants  of  i'amflora  racemosa,  coeruUa,  and  alata  flowered  profusely 
uring  many  years  in  the  Botanic  Gardens  of  Edinburgh,  and, 
though  repeatedly  fertilised  with  their  own  pollen,  never  produced 
any  seed ;  yet  this  occurred  at  (moe  with  all  tiireo  species  when  they 
were  croissed  together  in  various  ways.  In  the  case  of  P,  coerulea 
three  plants,  two  of  which  grew  in  the  Botanic  Gardens,  were  all 
rendeied  fertile,  merely  by  impregnating  each  with  pollen  of  one  of 
the  others.  1  he  same  result  was  attoiDed  in  the  some  manner  with 
P,  alcUa,  but  with  only  one  plant  out  of  three.  As  so  many  self- 
sterile  species  of  Passiflora  have  been  mentioned,  it  should  be 
stated  that  the  flowers  of  the  annual  P.  gracilis  are  nearly  as  fertile 
with  their  own  pollen  as  with  that  from  a  distinct  plant;  thus 
sixteen  flowers  spontaneously  self-fertilised  produced  fruit,  each 
containing  on  an  average  21*8  seed,  whilst  fruit  from  fourteen 
croMed  flowers  contained  241  seed. 

Returning  to  P.  alata,  I  have  received  (1866)  some  interesting 
details  from  Mr.  Bobertson  Munro.  Throe  plants,  including  one  iu 
England,  have  already  been  mentioned  wnich  were  inveterately 
self-sterile,  and  Mr.  Munro  informs  me  of  several  others  which, 
after  repeated  trials  during  many  years,  have  been  found  in  the 
same  prodicament.  At  some  other  places,  however,  this  species 
fruits  readily  when  fertilised  with  its  own  pollen.  At  Taymuuth 
Castle  there  is  a  plant  which  was  formerly  grafted  by  Mr.  Donaldson 
on  a  distinct  BX)ecie8,  name  unknown,  and  ever  since  the  operation 
it  has  produced  fruit  in  abundance  by  its  own  pollen;  so  that  this 
small  and  unnatural  change  in  the  state  of  this  plant  has  restored 
its  self-fertility !  Some  of  the  seedlings  from  the  Taymouth  Castle 
plant  were  found  to  be  not  only  sterile  with  their  own  pollen,  but 
with  each  other's  pollen,  and  with  the  pollen  of  distinct  species. 
Pollen  from  the  Taymouth  plant  failed  to  fertilise  certain  plants  of  the 
same  species,  but  was  successful  on  one  plant  in  the  Edinburgh 
Botanic  Gardens.  Seedlings  were  raised  from  this  latter  union,  and 
some  of  their  flowers  were  fertilised  by  Mr.  Munro  with  their  own 
pollen ;  but  they  were  found  to  be  as  self-impotent  as  the  mother- 
plant  had  always  proved,  except  when  fertilised  by  the  grafted 


»»  *Gard.  Chron.,'  1868,  p.  1341.  toI.  yiii.,  1864,  p.  1168.   Mr.  Robert- 

.  ••  ^Gardemr's    Chron.,*   1866,  p.  sod  Munro,   in*  Trans.    Bot.  So<;.*  ol 

10C8.  Edinburgh,  vol.  iz.  p.  399. 

*'  *  Joarnt?  of  Proc  of  Linn.  Soc,' 
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Taymouth  plant,  and  except,  as  we  sbatr  see,  when  fertilised  by  bcr 
own  seedlings.  Folr  Mr.  Mnnio  fertilised  eighteen  flowers  on  the  self- 
impotent  mother-plant  with  pollen  titan  these  her  own  self-impotent 
seedlings,  and  obtained,  remarkable  as  the  fiRict  is,  eighteen  iino 
eapsules  full  of  excellent  seed !  I  have  met  with  no  case  in  regard 
to  plants  which  shows  so  well  as  this  of  H»  alata,  on  what  small  and 
mysterious  causes  complete  fertility  or  complete  sterility  depends. 

The  facts  hitherto  given  relate' to  the  mnch-lessenod  or 
completely  destroyed  fertility  of  pure  species  when  impreg- 
nated with  their  own  pollen,  in  compaiison  with  their 
fertility  when  impregnated  by  distinct  indiyiduals  or  distinct' 
species ;  but  closely  analogous  facts  have  been  observed,  with 
hybrids. 

Herbert  states'*  that  having  in  flower  at  the  same  time  nine 
hybrid  Hippeastrums,  of  complicated  origin,  descended  from 
several  species,  he  found  that  "  almost  every  flower  touched  with 
"  pollen  nom  another  cross  produced  seed  abundantly,  and  those 
"  which  were  touched  with  their  own  pollen  either  failed  entirely, 
"  or  formed  slowly  a  pod  of  inferior  size,  with  fewer  seeds."  In 
the  '  Horticultural  Journal '  he  adds  that  "  the  admission  of  the 
"  pollen  of  another  cross-bred  Hippeastrum  (however  complicated 
''  the  cross)  to  any  one  flower  of  the  number,  is  almost  sure  to 
"  check  the  fructitlcation  of  the  others."  In  a  letter  written  to  me 
in  1839,  Dr.  Herbert  says  that  he  had  already  tried  these  experi- 
mcuts  during  five  consecutive  years,  and  he  subsequently  repeated 
them,  with  the  same  inyariable  result.  He  was  thus  led  to  make  an 
analogous  trial  on  a  pure  species,  namely,  on  the  IJippea$trvm  aulicum, 
which  he  had  lately  imported  from  Brazil:  this  bolb  produced 
four  flowers,  three  of  which  were  fertihsed  by  their  own  p<Mlen,  and 
the  fourth  by  the  pollen  of  a  triple  cross  between  H,  bulbulosum, 
regincBj  and  vitlatum ;  the  result  was,  that  "  the  ovaries  of  the  three 
"  first  flowers  soon  ceased  to  grow,  and  after  a  few  days  perished 
"  entirely :   whereas  the  pod  impregnated  by  the  hybrid  made 

vigorous  and  rapid  progress  to  maturity,  and  bore  good  seed, 

which  vegetated  freely."  This  is.  indeed,  as  Herbert  remarks, 
a  strange  truth,''  but  not  so  strange  as  it  then  appeared. 

As  a  confirmation  of  these  statements,  I  may  add  that  Mr.  M. 
Mayes,^  after  much  experience  in  crossing  the  species  of  Amaryllis 
(Hippeastrum),  says,  *  :>either  the  species  nor  the  hybrids  will,  we 
"  are  well  aware,  produce  seed  so  abundantly  from  their  own 
"  pollen  as  from  that  of  others."    80,  again,  Mr.  Bidwell,  in  New 


tt 


n  <  Amftryllidaocie,'  1837,  p.  371 ;  *•  LoTidon's  <  Oardmer'i  Magizins 

<  Jonmal  of  Hort.  Soc.,'  vol.  ii.,  1847,       roL  xi.,  1S35,  p.  260. 
p.  19. 
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Sonth  Wales,*^  asserts  that  Amaryllis  heUadonna  bears  many  more 
seeds  when  fertilised  by  the  pollen  of  Brunswigia  (Amaryllis  of  some 
authors)  joKphince  or  of  B,  multiflora,  than  when  fertilised  by  its 
own  pollen.  Mr.  Beaton  dusted  four  flowers  of  a  Cyrtanthns  with 
their  own  pollen,  and  four  with  the  pollen  of  Vallota  {Amaryllis) 
purpurea;  on  the  seventh  day  "those  which  received  their  own 
*'  pollen  slackened  their  growth,  and  ultimately  perished ;  those 
*'  which  were  crossed  with  the  Yallola  held  on."  "^  These  latter  cases, 
however,  relate  to  uncrossed  species,  like  those  before  given  with 
respect  to  Fassiflora,  Orchids,  &c.,  and  are  here  referred  to  only 
because  the  plants  belong  to  the  same  group  of  Amaryllidacefe. 

In  the  experiments  on  the  hybrid  Hippe^strums,  if  Herbert  had 
found  that  the  pollen  of  two  or  three  kinds  alone  had  been  more 
efficient  on  certain  kinds  than  their  own  pollen,  it  might  have  been 
argued  that  these,  from  their  mixed  parentage,  had  a  closer  mutual 
affinity  than  the  others;  but  this  explanation  is  inadmissible,  for 
the  trials  were  made  reciprocally  backwards  and  forwards  on  nine 
different  hybrids;  and  a  cross,  whichever  way  taken, always  proved 
highly  beneficial.  I  can  add  a  striking  and  analogous  case  fh>m 
experiments  made  by  the  Rev.  A.  Bawson,  of  Bromley  Gommon, 
with  some  complex  hybrids  of  Gladiolus.  This  skilful  horticul- 
turist possessed  a  number  of  French  varieties,  differing  from  each 
other  only  in  the  colour  and  size  of  the  flowers,  all  descended  from 
Gandavensis,  a  well-known  old  hybrid,  said  to  be  descended  from 
Q.  natdlensis  by  the  pollen  of  0.  oppositiflorua,^  Mr.  Bawson,  after 
repeated  trials,  found  that  none  of  the  varieties  would  set  seed  with 
their  own  pollen,  although  taken  from  distinct  plants  of  the  same 
variety  (which  had,  of  course,  been  propagated  by  bulbs),  but  that 
they  all  seeded  freely  with  pollen  from  any  other  variety.  To  give 
two  examples :  Ophir  did  not  produce  a  capsule  with  its  own  pollen, 
but  when  fertilised  with  that  of  Janire,  Brenchleyensis,  Yulcain 
and  Linne,  it  produced  ten  fine  capsules ;  but  the  pollen  of  Ophir 
was  good,  for  when  Linn6  was  fertilised  by  it  seven  capsules  were 

Eroduced.  This  latter  variety,  on  the  other  hand,  was  utterly 
arren  with  its  own  pollen,  which  we  have  seen  was  perfectly 
efficient  on  Ophir.  Altogether,  Mr.  Bawson,  in  the  year  1861, 
fertilised  twenty-six  flowers  borne  by  four  varieties-  with  pollen 
taken  from  other  varieties,  and  every  single  flower  produced  a  fine 
seed-capsule ;  whereas  fifty-two  flowers  on  the  same  plants,  fertilised 
at  the  same  time  with  their  own  pollen,  did  not  yield  a  single  seed- 
capsule.    Mr.  Bawson  fertilised,  in  some  cases,  the  alternate  flowers, 

**  *  Gardener^s  Chronicle,'  1850,  p.  Hort.,'  1861,  p.  453.     Lecoq,  however 

470.  (« De  U  F^coud.,'  1862,  p.  369X  states 

**  '  Journal  Hort.  Soa,'  rol.  v.  p.  that  this  hybrid  is  descended  from 

135.     The  seedlings  thus  raised  were  O.  psittadnus  and  oanUnalis;  but  this 

given  to  the  Hort.  Soc. ;  but  I  6nd,  on  is  opposed    to  Herbert's    experience, 

fatquiry,  that  they  unfortunately  died  who  found  that  the  fcrmer  speciei 

the  following  winter.  could  not  be  crossed. 

^  ^r.  D.  Beaton,   in  <  Joanal  of 
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and  in  other  cases  all  those  down  one  side  of  the  spike,  vith  pollen 
of  other  Tarieties,  and  the  remaining  flowers  with  their  own  pollen. 
I  saw  these  plants  when  the  capsules  were  nearly  mature,  and 
their  cnrious  arrangement  at  ouce  brought  full  conviction  to  the 
mind  that  an  immense  advantage  had  been  derived  from  crossing 
these  hybrids. 

Lastly,  I  have  heard  from  Dr.  E.  Bomet,  of  Antibes,  who  has 
made  nnmerous  experiments  in  crossing  the  species  of  Gistns,  but 
has  not  yet  published  the  results,  that,  when  any  of  these  hybrids 
are  fertile,  they  may  be  said  to  be,  in  regard  to  function,  dioecious; 
"  for  the  flowers  are  always  sterile  when  the  pistil  is  fertilised  by 
"  pollen  taken  from  the  same  flower  or  from  flowers  on  the  same 
"  plant.  But  they  are  often  fertile  if  pollen  be  employed  from  a 
"  distinct  individual  of  the  same  hybrid  nature,  or  from  a  hybrid 
"  made  by  a  reciprocal  cross." 

Conclusion. — That  plants  should  be  Belf-«terile,  although 
both  sexual  elements  are  in  a  fit  state  for  reproduction,  appears 
at  first  s'ght  opposed  to  all  analogy.  With  respect  to  the 
species,  all  the  individuals  of  which  are  in  this  state,  although 
living  under  their  natural  conditions,  we  may  conclude  that 
their  self-sterility  has  been  acquired  for  the  sake  of  effectually 
preventing  self-fertilisation.  The  case  is  closely  analogous 
with  that  of  dimorphic  and  trimorphic  or  heterostyled  plants, 
which  can  be  fully  fertilised  only  by  plants  belonging  to  a 
different  form,  and  not.  as  in  the  foregoing  cases,  indifferently 
by  any  other  individual  of  the  species.  Some  of  the^o  hetero- 
styled plants  are  completely  ste]  ile  with  pollen  taken  from 
the  same  plant  or  from  the  same  foim.  With  respect  to 
species  living  under  their  natural  conditions,  of  which  only 
certain  individuals  are  self-sterile  (as  with  Beteda  luUa),  it 
is  probable  that  these  ha*  e  been  rendered  self-sterile  to  ensure 
occasional  cross-fertilisation,  whilst  other  indi^dduals  have 
lemained  self-fertile  to  ensure  the  propagation  of  the  species. 
The  case  seems  to  be  parallel  with  that  of  plants  which 
produce,  as  Hermann  Muller  has  discovered,  two  forms 
—one  bearing  more  conspicuous  flowers  with  their  stiucture 
adapted  for  cross-fertilisation  by  insects,  and  the  other  form 
with  less  conspicuous  flowers  adapted  for  self-fertilisation. 
The  self-sterility,  however,  of  some  of  the  foregoing  plants 
is  incidental  on  the  oonditions  to  which  they  have  been 
aiibjcctcd,  as   with  the  Eschscholtzia,   the    Verbascnm  j>Aai 
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mceum  (the  sterility  of  which  varied  aooording'  to  the  season), 
and  with  the  PoBsiflora  alatOj  which  reoovered  its  self-fertility 
when  grafted  on  a  different  stock. 

It  is  interesting  to  observe  in  the  above  several  oases  the 
graduated  series  from  plants  which,  when  fertilised  by  their 
•own  pollen,  yield  the  fall  number  of  seeds,  but  with  the 
seedlings  a  little  dwarfed  in  stature — to  plants  which  when 
self-fertilised  yield  few  seeds — to  those  which  yield  none, 
but  have  their  ovaria  somewhat  developed — and,  lastly,  to 
those  in  which  the  plant's  own  pollen  and  stigma  mutually 
act  on  one  another  like  poison.  It  is  also  interesting  to 
observe  on  how  slight  a  difference  in  the  nature  of  the  pollen 
or  of  the  ovules  complete  self -sterility  or  complete  self-fertility 
must  depend  in  some  of  the  above  cases.  Every  individual 
of  the  self-sterile  species  appears  to  be  capable  of  producing 
the  full  complement  of  seed  when  fei'tilised  by  the  pollen  of 
any  other  individual  (though  judging  from  the  facts  given 
with  respect  to  Abutilon  the  nearest  kin  must  be  excepted) ; 
but  not  one  individual  can  be  fertilised  by  its  own  pollen. 
As  every  organism  differs  in  some  slight  degree  from  every 
other  individual  of  the  same  species,  so  no  doubt  it  is  with 
their  pollen  and  ovules;  and  in  the  above  cases  we  must 
believe  that  complete  self-sterility  and  complete  self-fertility 
depend  on  such  slight  differences  in  the  ovules  and  pollen,  and 
not  their  having  been  differentiated  in  some  special  manner 
in  relation  to  one  another ;  for  it  is  impossible  that  the  sexual 
elements  of  many  thousand  individuals  should  have  been 
hpecialised  in  relation  to  every  other  individual.  In  some,  how- 
over,  of  the  above  cases,  as  with  certain  Passifloras,  an  amount 
of  differentiation  between  the  pollen  and  ovules  sufficient 
for  fertilisation  is  gained  only  by  employing  pollen  from  a 
distinct  species ;  but  thi.s  is  probably  the  result  of  such  plants 
having  been  rendei-ed  somewhat  sterile  from  the  unnatural 
conditions  to  which  they  have  been  exposed. 

Exotic  animals  confined  in  menageries  are  sometimes  in 
nearly  the  same  state  as  the  above-described  self-impotent 
plants  ;  for,  as  we  shall  see  in  the  following  chapter,  certain 
monkeys,  the  larger  camivora,  several  finches,  geese,  and 
pheasants,  cross  together,  q^te  as  treely  as,  or  even  mors 
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freely  than  the  individuals  of  the  same  species  brood  together. 
Cases  will,  also,  be  given  of  sexual  incompatibility  between 
certain  male  and  female  domesticated  animals,  which,  never- 
theless, are  fertile  when  matched  with  any  other  individual 
of  the  same  kind. 

In  the  early  part  of  this  chapter  it  was  shown  that  the 
crossing  of  individuals  belonging  to  distinct  families  of  the 
same  race,  or  to  different  races  or  species,  gives  increased  size 
and  constitutional  vigour  to  the  offspring,  and,  except  in  the 
case  of  croflse<^  species,  increased  fertility.  The  evidence 
rests  on  the  universal  testimony  of  breeders  (for  it  should  bo 
observed  that  I  am  not  here  speaking  of  the  evil  results  of 
close  interbreeding),  and  is  practically  exemplified  in  the 
higher  value  of  cross-bred  animals  for  immediate  consump- 
tion. The  good  results  of  crossing  have  also  been  demon* 
strated  with  some  animals  and  with  numerous  plants,  by 
actual  weight  and  measurement.  Although  animals  of  pure 
blood  will  obviously  be  deteriorated  by  crossing,  as  far  as 
their  characteristic  qualities  are  concerned,  there  seems  to  be 
no  exception  to  the  rule  that  advantages  of  the  kind  just 
mentioned  are  thus  gained,  even  when  there  has  not  been  any 
previous  close  interbreeding;  and  the  rule  applies  to  such 
animals  as  cattle  and  sheep,  which  can  long  resist  breeding 
in-and  in  between  the  nearest  blood-relations. 

In  the  case  of  crossed  species,  although  size,  vigour,  pre- 
cocity, and  hardiness  are,  with  rare  exceptions,  gained,  fer 
tility,  in  a  greater  or  less  degree,  is  lost ;  but  the  gain  in  the 
above  respects  can  hardly  be  attributed  to  the  principle  oi 
compensation ;  for  there  is  no  close  parallelism  between  the 
increased  size  and  vigour  of  hybrid  offspring  and  their 
sterility.  Moreover,  it  has  been  clearly  proved  that  mongrels 
which  are  perfectly  fertile  gain  these  same  advantages  as  well 
as  sterile  hybrids. 

With  the  higher  animals  no  special  adaptations  for  ensuring 
occasional  crosses  between  distinct  families  seem  to  exist. 
The  eagerness  of  the  males,  leading  to  severe  oompetition 
between  them,  is  sufficient ;  for  even  with  gregarious  animals^ 
the  old  and  dominant  males  will  be  dispossessed  after  a  timo 
and  it  would  be  a  mere  chance  if  a  closely  related  membet 
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of  the  same  family  were  to  be  the  yictorious  snooeefior.  The 
•tructure  of  many  of  the  lower  animak.  when  they  are 
bermaphroditeB,  is  such  as  to  prevent  the  oynles  being  fer- 
tilised by  the  male  element  of  the  same  individual*;  so  that 
the  oonconrse  of  two  individuals  is  necessary.  In  other  cases 
the  access  of  the  male  element  of  a  distinct  individual  is 
at  least  possible.  With  plants,  which  are  affixed  to  the 
ground  and  cannot  wander  from  place  to  place  like  animals, 
the  numerous  adaptations  for  cross-fertilisation  are  wonder- 
fully perfect,  as  has  been  admitted  by  every  one  who  has 
studied  the  subject. 

The  evil  consequences  of  long-continued  close  interbreeding 
are  not  so  easily  recognised  as  the  good  effects  from  crossing, 
for  the  deterioration  is  gradual.  Nevertheless,  it  is  the 
general  opinion  of  those  who  have  had  most  experience, 
especially  with  animals  which  propagate  quickly,  that  evil 
does  inevitably  follow  sooner  or  later,  but  at  different  rates 
with  different  animals.  No  doubt  a  false  belief  may,  like  a 
superstition,  prevail  widely;  yet  it  is  difficult  1o  suppose  that 
so  many  acute  observers  have  all  been  deceived  at  the  expense 
of  much  cost  and  trouble.  A  male  animal  may  sometimes  be 
paired  with  his  daughter,  granddaughter,  and  so  on,  even  for 
seven  generations,  without  any  manifest  bad  result :  but  the 
experiment  has  never  been  tried  of  matching  brothers  and 
sisters,  which  is  considered  the  closest  form  of  interbreeding, 
for  an  equal  number  of  generations.  There  is  good  re  son  to 
believe  that  by  keeping  the  members  of  the  same  family  in 
distinct  bodies,  especially  if  exposed  to  somewhat  different 
conditions  of  life,  and  by  occasionally  crossing  tbese  families, 
the  evil  results  of  interbreeding  may  be  much  diminishi  d  or 
quite  eliminated.  These  rc8ultd  are  loss  of  constitutional 
rigour,  size,  and  fertility;  but  there  is  no  necessary  dete- 
rioration in  the  general  form  of  the  body,  or  in  othir  good 
qitalities.  We  have  seen  that  with  pigs  first-rate  animals 
have  been  produced  aftt*r  long-continued  clo<e  in terbi  ceding, 
though  they  had  become  extremely  infertile  when  paired 
with  their  near  relations.  The  loss  of  fertility,  when  it 
occurs,  teems  never  to  be  abholute,  but  only  relative  to 
animals  of  the  same  blood  :  so  that  this  bierility  U  to  a  certain 
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AxtoTit  aualop;oii8  with  Ihat  of  aelf- impotent  plants  which 
cannot  be  fertilised  by  their  own  pollen,  but  are  perfectly 
fertile  with  pollen  of  any  other  individual  of  the  same  species. 
The  fact  of  infertility  of  this  peculiar  nature  being  one  of  tho 
lesults  of  long-continued  interbreeding,  shows  that  inter- 
breeding does  not  act  mere*y  by  combining  and  augmenting 
various  morbid  tendencies  common  to  both  parents;  for 
animals  with  such  tendencies,  if  not  at  the  time  actually  ill, 
can  generally  propagate  their  kind.  Although  ofispring 
descended  from  the  nearest  blood-relations  are  not  necessarily 
deterioiated  in  structure,  yet  some  authors  believe  that  they 
are  eminently  liable  to  malformations ;  and  this  is  not  im- 
probable, as  everything  which  lessens  the  vital  powers  acts 
in  this  manner.  Instances  of  this  kind  have  been  recorded 
in  the  case  of  pigs,  bloodhounds,  and  some  othei  animaln. 

Finally,  when  we  consider  the  various  facts  now  given 
which  plainly  show  that  good  follows  from  crossing,  and  less 
plainly  that  evil  follows  from  close  interbreeding,  and  when 
we  bear  in  mind  that  with  very  many  organisms  elaborate 
provisions  have  been  made  for  the  occasional  union  of  distinct 
individuals,  the  existence  of  a  great  law  of  nature  is  almost 
proved ;  namely,  that  the  crossing  of  animals  and  plants 
which  are  not  closely  related  to  each  other  is  highly  beneficial 
or  even  necessary,  and  that  interbreeding  prclouged  during 
many  generations  is  injurious. 
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CHAPTER  XVIIL 

ON     THK    ADVAMTAGES     AND     DISADVANTAGES     OF    CIIANOFX 
CONDITIONS  OF  LIFB  :   STERILITY  FROM  VARIOUS  CACSfcS. 

OH  THB  GOOD  DBBIYKD  FBOM  BLTOHT  CHAK6E8  IK  THE  OONDITIONS  OV  LIFI 
— 8TKIIIL1TT  VROM  CHANGED  CONDITIONS,  IN  ANIMALS,  IN  THEIB  NATIVE 
COUNTBT  AND  IN  1IENAGKBIES--IIA1IMA1JB,  BIRDS,  AND  INSECTS — LOSS  0/ 
SBOONDABY  SEXUAL  CHABACTERS  4ND  OP  INSTINCTS— <;Al'aBi  OF  STEBILITT 
— STEBILITT  or  DOMESTICATED  ANIMALS  IBOM  CHANGED  OONDITIONB— 
SEXrAL  INCOMPATIBIUTT  OP  INDIVIDUAL  ANIMALS — STEBILITT  OF  PLANTS 
FBOM  CHANGED  CONDITIONS  OP  LIFE — C0NTABE8CENCE  OP  THE  ANTBEK8 
— ^MONSTBOSITIES  AS  A  CAUSE  OP  STEBILITT — DOUBLE  FLOWEBS — SEEDLESS 
FRUIT— STEBILITT  FBOM  THE  EXCESSIVE  DEVELOPMENT  OF  THE  OBOANS 
OP  VEGETATION — FBOM  LONG-OONTINUED  PROPAGATION  BT  BUDS — ^IN- 
CIPIENT SHTEBILITY  THB  FBIMABT  CAUSE  OF  DOUBLE  FLOWEBS  AND 
SEEDLESS  FBUIT. 

On  ihe  Oood  derived  from  slight  Changes  in  the  Conditions  of 
Life.  —In  considering  whether  any  facts  were  known  which 
might  throw  light  on  the  conclusion  arrived  at  in  the  last 
chapter,  namely,  that  benefits  ensue  from  croflsing,  and  that 
it  is  a  law  of  nature  that  all  organic  beings  should  occasionally 
cross,  it  appeared  to  me  probable  that  the  good  derived  from 
slight  changes  in  the  conditions  of  life,  from  being  an  analo< 
gous  phenomenon,  might  serve  this  purpose.  >o  two  indi- 
viduals, and  still  less  no  two  varieties,  are  absolutely  alike 
in  constitution  and  structure ;  and  when  the  genu  of  one  is 
fertilised  by  the  mule  element  of  another,  we  may  believe  that 
it  is  acted  on  in  a  somewhat  similar  manner  as  an  individual 
when  exposed  to  slightly  changed  conditions.  Now,  every 
one  must  have  observed  the  remarkable  influence  on  conva- 
lescents of  a  change  of  residence,  and  no  medical  man  doubts 
the  truth  of  this  fact.  Small  farmers  who  hold  but  little 
land  are  convinced  that  their  cattle  derive  gi*eat  benefit  from 
a  change  of  pasture.  In  the  case  of  plants,  the  evidence  is 
strong  that  a  great  advantage  is  derived  from  exchanging 
seeds,  tubers,  bulbs,  and  cuttings  from  one  soil  or  plao9  tc 
another  aa  di£feiont  as  possible. 
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The  lielief  that  plants  are  thus  benefited,  whether  or  not  well 
founded,  has  been  firmly  niaintamod  from  the  time  of  Columella, 
who  wrote  shortly  after  the  Christian  era,  to  the  present  day ;  and 
it  now  prevails  in  England,  Fi-anco,  and  Germany.*  A  sacacions 
observer,  Bradley,  writing  in  1724,*  says,  "  When  we  once  become 
"  Masters  of  a  good  Sort  of  Seed,  we  should  at  least  put  it  into 
"  Two  or  Three  Hands,  where  the  Soils  and  Situations  are  as  dif- 
"  forent  as  possible ;  and  every  Year  the  Parties  should  change 
"  with  one  another ;  by  which  Means,  I  find  the  GKxxiness  of  the 
*'  Seed  will  be  maintained  for  several  Years.  For  Want  of  this 
"  Use  many  Farmers  have  failed  in  their  Crops  and  been  great 
"  Losers."  He  then  gives  his  own  practical  experience  on  thia 
head.  A  modem  writer '  asserts,  "  Nothing  can  be  more  clearly 
"  established  in  agriculture  than  that  the  continual  growth  of  any 
"  one  variety  in  the  same  district  makes  it  liable  to  deterioration 
"  either  in  quality  or  quantity.*'  Another  writer  Mates  that  he 
sowed  close  together  in  the  same  field  two  lots  of  wheat-seed,  the 
product  of  the  same  original  stock,  one  of  which  had  been  grown 
on  the  same  land  and  the  other  at  a  distance,  and  the  difference  in 
favour  of  the  crop  from  the  latter  seed  was  remarkable.  A  gentle- 
man in  Surrey  who  has  long  made  it  his  business  to  raise  wheat  to 
sell  for  seed,  and  who  has  constantly  realised  in  the  market  higher 
prices  than  others,  assures  me  that  he  finds  it  indispensable  con- 
tinually to  change  his  seed ;  and  that  lor  this  purpose  ne  keeps  two 
fieirms  differing  much  in  soil  and  elevation. 

With  respect  to  the  tubers  of  the  ^tato,  I  find  that  at  the  present 
day  the  practice  of  exchanging  sets  is  almost  everywhere  followed. 
The  great  growers  of  potatoes  in  Lancashire  formerly  used  to  get 
tubers  from  Scotland,  but  they  found  that  "  a  change  from  the 
moss-lands,  and  vice  versa,  was  generally  suflicient."  In  former 
times  in  IVance  the  crop  of  potatoes  in  the  Vosges  had  becomo 
reduced  in  the  oourse  of  fifty  or  sixty  years  in  the  proportion  fi-om 
120-150  to  30-40  bushels;  and  the  famous  Oberlin  attributed  the 
surprising  good  which  he  effected  in  large  part  to  changing  the  sets.* 

A  well-known  practical  gardener,  Mr.  Bobson,^  positively  states 


>  For  England,  aee  below.  For 
Germany,  M<;Metxger,  *  Getreidearten,* 
1841,  s.  63.  For  France,  Loiscleur- 
Deslongchamps  ('Consid.  sur  les 
Cdr^ales,*  1843,  p.  200)  gives  nu- 
merous references  on  this  subject.  For 
Southern  France,  tt'e  Godron, '  Florula 
Juvecalis,'  1854,  p.  28. 

•  *A  General  Treatise  of  Hus- 
bandry,' vol.  iii.  p.  58. 

*•  *  Gardener's  Chronicle  and  Agri- 
cult.  Gazette,'  1858,  p.  247  ;  and  for 
the  second  statement.  Ibid.,  1850,  p. 
702.    Oa  thiii  same  subject,  sec  also 


Rev.  D.  Walker's  'Prize  Essay  of 
Highland  Agricult.  Soc.,'  vol.  ii.  p. 
200.  Also  Marshall's  *  Minutes  of 
Agriculture,'  November,  1775. 

*  Oberlin's  *  Memoirs,'  Eng.  trans- 
lat.,  p.  73.  For  Lancasihire,  see 
Marshall's  *  Review  of  Reports,'  1808, 
p.  295. 

*  *Cottnge  Gardener,'  1856, p.  186. 
For  Mr.  Robaon's  bubsequent  state- 
ments, see  '  Journal  of  Horticulture,* 
Feb.  18,  1866,  p.  121.  For  Mr, 
Abl>ey's  remarlcs  on  grafting,  tbc^ 
Ibid.,  July  18,  1865,  p.  44. 
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tliathe  has  himself  witnossed  decided  advantnge  from  obtaining 
liulbs  of  the  onion,  tubers  of  the  potato,  and  Tarious  fl^&ds,  all  of 
the  same  kind,  from  different  soils  and  distant  parts  of  £ngland. 
He  further  states  that  with  plants  propa^ted  by  cuttings,  as  with 
the  Pelargonium,  and  especially  the  DabiiR,  manifest  fiilvantap:e  is 
derived  from  getting  plants  of  the  same  A'ariety,  which  liave  bee  n 
cultivated  in  another  place ;  or, "  where  the  extent  of  the  place 
"  allows,  to  take  cnttingK  from  one  description  of  soil  to  plant  on 
*^  another,  so  as  to  afford  tlie  change  that  seems  so  necessary  to  the 
**  well-being  of  the  plants.**  Ho  maintainn  that  after  a  time  an 
exchange  of  this  nature  is  "  forced  on  the  grower,  whether  ho  be 
"  prepared  for  it  or  nof  Similar  remarks  have  hom  made  by 
another  excellent  gardener,  Mr.  Fisli,  namely,  that  cuttings  of  tbo 
same  varittty  of  Calceolaria,  which  he  obtained  from  a  neighbour, 
*'  showed  much  greater  vigour  than  some  of  his  own  that  were 
**  treated  in  exactly  the  same  manner,"  and  he  attributed  this 
solely  to  his  own  plants  having  liecome  "  to  a  oert^n  extent  worn 
**  out  or  tired  of  their  quarters.**  Something  of  this  kind  appar- 
ently oocui-8  in  grafting  and  budding  fruit-trees ;  for,  according  to 
Mr.  Abbey,  grafts  or  buds  generally  take  with  greater  facility  on 
a  distinct  variety  or  even  species,  or  on  a  stock  previously  gi'afted, 
than  OQ  stocks  raised  from  seeds  of  the  Tariety  which  is  to  lie 
grafted :  and  ho  believes  this  cannot  be  altogether  explained  by 
the  stocks  in  question  being  better  adapted  to  the  soil  and  climate 
of  the  place.  It  should,  however,  be  added,  that  varieties  grafti  d 
or  budded  on  very  distinct  kinds,  though  they  may  take  more 
readily  and  grow  at  first  more  vigorously  than  when  grafted  on 
closely  allied  stocks,  afterwards  often  become  unhealthy. 

I  have  studied  M.  Tessier*B  careful  and  elaborate  experiments,' 
made  to  disprove  the  common  belief  that  good  is  derived  from  a 
change  of  seed ;  and  he  certainly  shows  that  the  same  seed  may 
with  care  bo  cultivated  on  the  same  farm  (it  is  not  stated  whether 
on  exactly  the  same  soil)  for  ten  consecutive  years  without  loss. 
Another  excellent  observer.  Colonel  Le  Gouteur,^  has  come  to  tlio 
same  conclusion ;  but  then  he  expressly  adds,  if  the  same  seed  be 
used, "  that  which  is  grown  on  land  manured  from  the  mixen  one 
"  year  becomes  seed  for  land  prepared  with  lime,  and  that  again 
"  becomes  seed  for  land  dressed  with  ashes,  then  for  land  dressed 
"  with  miaid  manure,  and  so  on."  But  this  in  effect  is  a  systematic 
exchange  of  seed,  within  the  limits  of  the  same  farm. 

On  the  whole  the  belief,  which  has  long  been  held  by  many 
cultivators,  that  good  follows  from  exchanging  seed,  tubers, 
&c.,  seems  to  be  fairly  well  founded.  It  seems  hardly  ciedible 
tliat  the  advantage  thus  derived  can  be  due  to  the  seeds, 
especially  if  very  small  ones,  obtaining  in  one  soil  some 

V  •  •Mem.  dc  TAcad.  des  8cieQ0«s*  '  *0a  the  Varieties  of  Wli«at,'  p 

1790,  IK  209.  5i. 
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chemical  element  d3ficieut  in  the  other  and  in  Bufficicnt 
quantity  to  influence  the  whole  after-growth  of  the  plant. 
As  plants  after  once  germinating  are  fixed  to  the  same  spot, 
it  might  have  been  anticipated  that  they  would  show  the 
good  effects  of  a  change  more  plainly  than  do  animals  which 
continually  wander  about ;  and  this  apparently  is  the  case. 
Life  depending  on,  or  consisting  in,  an  incessant  play  of  the 
most  complex  forces,  it  would  appear  that  their  action  is 
in  some  way  stimulatel  by  slight  changes  in  the  circum- 
stances to  which  each  organism  is  exposed.  All  forces  through- 
out nature,  as  Mr.  Herbert  Spencer^  remarks,  tend  towards 
an  equilibrium,  and  for  the  life  of  each  organism  it  is  neces- 
sary that  this  tendency  should  be  checked.  These  views  and 
the  foregoing  facts  probably  throw  light,  on  the  one  hand, 
on  the  good  effects  of  crossing  the  breed,  for  the  germ  will 
be  thus  slightly  modified  or  acted  on  by  new  forces  ;  and 
on  the  other  hand,  on  the  evil  effects  of  clo^  interbreeding 
prolonged  during  many  generations,  during  which  the  germ 
will  be  acted  on  by  a  male  having  almost  identically  the 
same  constitution. 

Sterility  from  Changed  Conditions  of  Life, 

I  will  now  attempt  to  show  that  animals  and  plants,  when 
removed  fi*om  their  natural  conditions,  are  often  rendered  in 
some  degree  infertile  or  completely  barren ;  and  this  occurs 
even  when  the  conditions  have  not  been  greatly  changed. 
This  conclusion  is  not  necessarily  opposed  to  that  at  which 
we  have  just  amved,  namely,  that  lesser  changes  of  other 
kinds  are  advantageous  to  organic  beings.  Our  present 
subject  is  of  some  importance,  from  having  an  intimate  con- 
nection with  the  causes  of  variability.  Indirectly  it  perhaps 
bears  on  the  sterility  of  species  when  crossed  :  for  as,  on  the 
one  hand,  slight  changes  in  the  conditions  of  life  are  favour- 
able to  plants  and  animals,  and  the  crossing  of  varieties  adds 

'  Mr.  Spencer  has  fully  and  ably  from  cross-breeding,  and  of  the  evW 

discussed  this  whole  subject  in  his  effects  from  great  changes  in  the  con- 

*  Principles  of  Biology,'  1864,  tgI.  ii.  ditions  ani  from  crossing  widely  dis* 
eh.  X.     In  the  first  edition  of  my  tinct  forms,  as  a  sei-ies  of  facts  "  con* 

*  Origin  of  Species,'  18'i9,  p.  267,  I  nected  together  by  some  common  bnt 
spoke  of  the  good  effects  from  slight  nnkuown  bond,  which  is  esseatiaiiy 
Ukaa^  ia  th*  oonditioiM  of  life  and  rejiUi  to  the  principle  of  lile. 
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to  the  size,  vigour,  and  fertility  of  their  offiipring ;  so,  on  th« 
other  hand,  certain  other  changes  in  the  oonditions  of  life 
cause  sterility;  and  as  this  likewise  ensues  from  crossing 
inuch-modified  forms  or  species,  we  have  a  parallel  and  double 
series  of  facts,  which  apparently  stcuid  in  dose  relation  to 
each  other. 

It  is  notorious  that  many  animals,  though  perfectly  tamed, 
refase  to  breed  in  captivity.  Isidore  GeoflEroy  St.-Hilaire  * 
consequently  has  drawn  a  broad  distinction  between  tamed 
animals  which  will  not  breed  under  captivity,  and  truly 
domesticated  animals  which  breed  freely  —  generally  more 
freely,  as  shown  in  the  sixteenth  chapter,  than  in  a  state  of 
nature.  It  is  possible  and  generally  easy  to  tame  most 
animals ;  but  experience  has  shown  that  it  is  difficult  to  get 
them  to  breed  regularly,  or  even  at  all.  I  shall  discuss  this 
subject  in  detail ;  but  will  give  only  those  cases  which  seem 
most  illustrative.  My  materials  are  derived  from  notices 
scattered  through  various  works,  and  especially  from  a  Report, 
kindly  drawn  up  for  me  by  the  officers  of  the  Zoological 
Society  of  London,  which  has  especial  value,  as  it  records 
all  the  cases,  during  nine  years  from  1838-46,  in  which  the 
animals  were  seen  to  couple  but  produced  no  offspring,  as  well 
as  the  cases  in  which  they  never,  as  far  as  known,  coupled. 
This  MS.  Report  I  have  corrected  by  the  annual  Reports 
subsequently  published  up  to  the  year  1 865.^*  Many  facts 
are  given  on  the  breeding  of  the  animals  in  that  magnificent 
work, '  Gleanings  from  the  Menageries  of  Knowsley  Hall,'  by 
Dr.  Gray.  I  made,  also,  particular  inquiries  from  the  expe- 
rienced keeper  of  the  birds  in  the  old  Surrey  Zoological 
Gardens.  I  should  premise  that  a  slight  change  in  the  treat- 
ment of  animals  sometimes  makes  a  great  difference  in  their 
fertility;   and  it  is  probable  that  the  results  observed  in 

*    'Essais  de    Zoologie  G^n^rale,'  kepi,  and  of  these  1  species  in  1*9 

1841,  p.  256.  have  bred  at  least  once  during  the 

**  Since  the  appearance  of  the  first  20  years ;  of  28  Marsnpialia,  1  in  2  *  5 

edition  of  this  work,  Mr.  Sclater  has  have  bred ;  of  74  Carnivora,  1  in  3*0 

published  (*  Proc  Zoolog.  Soc.,'  1868,  have  bred;  of  52  Rodentia,  1  in  4*7 

p.  623)  a  list  of  the  species  of  mam-  have  bred ;  and  of  Qnadrumana  75 

mals  which  have  bred  in  the  gardens  species  hare  beta  kept,  and  1  in  d*S 

from  1818  to  1867  iuclnsave.     Of  the  haTO  br«d. 
ArtiodactyU  85  species   hart   beam 

k2 
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different  n.ena^erie8  would  differ.  Indeod.  same  aninuilB  ia 
«mr  Zoological  Gardens  hare  Income  more  productive  since 
the  year  1B40.  It  is,  also,  manifest  from  F.  Cuvier's  account 
of  the  Jardin  des  Plantes,^^  that  the  animalB  formerly  bred 
much  less  freely  there  than  with  us ;  for  instance,  in  the 
Duck  tribe,  which  is  highly  prolific,  only  ono  species  bad  at 
that  period  produced  young. 

The  mo-t  remarkable  cases,  however,  axe  afforded  by  animals 
kept  in  their  native  country,  which,  though  perfectly  tamed,  quite 
healthy,  and  allowed  some  freedom,  are  absolutely  incapable  of 
breeding.  Bengger,*^  who  in  Paraguay  particularly  attended  to 
this  subject,  specifies  six  quadrupeds  in  this  condition;  and  he 
mentions  two  or  three  others  which  most  rarely  breed.  Mr.  Bates, 
in  his  admirable  work  on  the  Amarxms,  strongly  insists  on  similar 
cases; "  and  he  remarks,  that  the  fact  of  thoroughly  tamed  native 
mammals  and  birds  not  breeding  when  kept  by  the  Indians,  cannot 
be  wholly  accounted  for  by  their  negligence  or  indifference,  for 
the  turkey  and  fowl  are  kept  and  bred  by  various  remote  tribes. 
In  almost  every  part  of  the  world — for  instance,  in  the  interior  of 
Africa,  and  in  several  of  the  Polvnesian  islands — ^the  natives  are 
extremely  fond  of  taming  the  indigenous  quadrupeds  and  birds; 
but  they  rarely  or  never  succeed  in  getting  them  to  breed. 

The  most  notorious  case  of  an  animal  not  breeding  in  captivity 
is  that  of  the  elephant.  Elephants  are  kept  in  large  numbers  in 
their  native  Indian  home,  live  to  old  age,  and  are  vigorous  enough 
for  the  severest  labour ;  yet,  with  a  very  few  exceptions,  they  have 
never  lieen  known  even  to  couple,  though  both  males  and  females 
have  their  proper  periodical  seasons.  If,  however,  we  proceed  a 
little  eastward  to  Ava,  we  hear  from  Mr.  Crawfurd  ^'^  that  their 
"  breeding  in  the  domestic  state,  or  at  least  in  the  half-domestic 
state  in  which  the  female  elephants  are  generally  kept,  is  of  every- 
day  occurrence ;"  and  Mr.  Grawfurd  informs  me  that  he  believes 
that  the  difference  must  be  attiibuted  solely  to  the  females  being 
allowed  to  roam  the  forest  with  some  degree  of  freedom.  The 
captive  rhinoceros,  on  the  other  hand,  seems  from  Bishop  Heber's 
account  ^^  to  breed  in  India  far  more  readily  than  the  elephant. 
Four  wild  species  of  the  horse  ^enus  have  bred  in  Europe,  though 
here  exposed  co  a  gi*eat  change  fn  their  natural  habits  of  life ;  but 
the  species  have  generally  been  crossed  one  with  another.    Most  of 


"  Dtt  Kat,  ^Annalet  da  Museum,  1863,  roi.  i.  pp.  99,  193;  rol.  iL  a 

1807,  torn.  ix.  p.  120.  113. 

"    *  Sftugethiere    ron     PaMgnar/  "  *  EmlMssy  to  the  Court  of  Ara, 

1830,  8.  49,  106,  118,  124,  201,  2u8,  7ol.  i.  p.  534. 

£49,  265,  327.  »  *  Journal/  roL  L  p.  213. 

>'  *  Th«  iNaturalut  on  the  Araaiona,' 
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the  members  of  the  pig  family  breed  readily  in  oar  menageries ; 
even  the  Bed  Riyer  hog  {t*otamoch<xrus  penicillatus),  ftom  the 
Bweltering  plains  of  West  Africa,  has  bred  twice  in  the  Zoological 
Grardens.  Here  also  the  Peccary  (Dicotf/les  torqucttus)  has  bred 
se^^ral  times ;  bnt  another  species,  the  I),  labiatusy  though  ren- 
dered so  tame  as  to  be  half-domesticated,  is  said  to  breed  so  rarely 
in  its  native  country  of  Faragnay,  that  according  to  Bengger  *° 
the  &ct  requires  confirmation.  Mr.  Bates  remarks  that  the  tapir, 
thoueh  often  kept  tame  in  Amazonia  by  the  Indians,  never 
breeois. 

Buminants  generally  breed  quite  freely  in  England,  though 
brought  from  widely  different  climates,  as  may  be  seen  in  the 
Annual  Beports  of  the  Zoological  Gardens,  and  in  the  Gleanings 
from  Lord  Derby's  menagerie. 

The  Camivora,  with  the  exception  of  the  Plantigrade  division, 
Inreed  (though  with  capricious  exceptions)  about  half  as  freely  as 
ruminants.  Many  species  of  Felidte  have  bred  in  various  mena- 
geries, although  imported  from  diverse  climates  and  closely  con- 
fined. Mr.  Bartlett,  the  present  superintendent  of  the  Zoological 
Gardens,"  remarks  that  the  lion  appears  to  breed  more  frequently 
and  to  bring  forth  nK>re  young  at  a  birth  than  any  other  species  of 
the  family.  He  adds  that  the  tiger  has  rarely  bred ;  "  but  there 
are  several  well-authenticated  instances  of  the  feitaale  tiger  breed- 
ing with  the  lion.*'  Strange  as  the  fact  may  appear,  many  animals 
under  confinement  unite  with  distinct  species  and  produce  h}  brids 
quite  as  freely  as,  or  evt  n  more  freely  than,  with  their  own  species. 
On  inquiring  from  Dr.  Falconer  and  others,  it  appears  that  the 
tiger  when  confined  in  India  does  not  breed,  though  it  has  been 
known  to  couple.  The  chetah  (Fdis  juffata)  has  never  been 
known  by  Mr.  Bartlett  to  breed  in  England,  but  it  has  bred  at 
Frankfort ;  nor  does  it  breed  in  India,  where  it  is  kept  in  large 
numbers  for  hunting ;  but  no  pains  would  be  taken  to  make  them 
breed,  as  only  those  animals  which  have  hunted  for  themselves  in 
a  state  of  nature  are  serviceable  and  worth  training.^'  According 
to  Bengger,  two  species  of  wild  cats  in  Paraguay,  though  thoroughly 
tamed,  have  never  bred.  Although  so  many  of  the  Felide  breed 
readily  in  the  Zoological  Gardens,  yet  conception  by  no  means 
always  follows  union :  in  the  nine-year  Beport,  various  species  are 
specified  which  were  observed  to  couple  seventy-three  times,  and 
no  doubt  this  must  have  passed  many  times  unnoticed ;  yet  from 
the  seventy-three  unions  only  fifteen  births  ensued.  The  Cfeirnivora 
in  the  Zoological  Gardens  were  formerly  less  freely  exposed  to  the 
sir  and  cold  thui  at  present,  and  this  change  of  treatment,  as  I  was 
assured  by  the  former  superintendent,  Mr.  Miller,  greatly  increased 
their  fertility.    Mr.  Bartlett,  and  there  cannot  be  a  more  capable 


>•  *  Saugethiere,'  s.  327.  140. 

"  On  the  Breeding  of  the  Larger  **  Sleeman's   '  Hambles  in  India, 

relidc, '  Proc  Zoolog.  Soc.,'  1861,  p.      vol  iL  p.  10. 
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{ndge,  says,  "  it  is  remarkable  that  lions  breed  more  freely  in 
"  travelling  collections  than  in  the  Zoological  Gardens ;  probably 
<<  the  constant  excitement  and  irritation  produced  by  moTing  from 
*^  place  to  place,  or  change  of  air,  may  haye  considerable  influence 
*'  in  the  matter." 

Many  members  of  the  Dog  family  breed  readily  when  confined. 
The  Dhole  is  one  of  the  most  imtamable  animals  in  India,  yet  a 
pair  kept  there  by  Dr.  Falconer  produced  young.  Foxes,  on  the 
other  hand,  rarely  breed,  and  I  have  never  heard  of  such  an  occur- 
rence with  the  European  fox:  the  silver  fox  of  North  America 
(('anis  argentatua),  however,  has  bred  several  times  in  the  Zoo- 
logical Qardens.  Even  the  otter  has  bred  there.  Every  one 
knows  how  readily  the  semi-domesticated  ferret  breeds,  though 
shut  up  in  miserably  small  cages ;  but  other  species  of  Viverra  and 
Paradoxurns  absolutely  refuse  to  breed  in  the  Zoological  Guxlens. 
The  Genetta  has  bred  both  here  and  in  the  Jardin  des  Plantes,  and 
produced  hybrids.  The  Herpestesfascuitua  has  likewise  bred ;  but  I 
was  formerly  assured  that  the  H,  griacw,  though  many  were  kept 
in  the  Gardens,  never  bred. 

The  Plantigrade  Gamivora  breed  under  confinement  much  less 
freely  than  other  Camivora,  although  no  reason  can  be  assigned 
for  this  fact.  In  the  nine-year  Beport  it  is  stated  that  the  beajrs 
had  been  seen  in  the  Zoological  Gardens  to  couple  freely,  but 
previously  to  1B48  had  most  rarely  conceived.  In  the  Reports 
published  since  this  date  three  species  have  produced  young 
(hybrids  in  one  case),  and,  wonderful  to  relate,  the  white  Polar 
bear  has  produced  young.  The  badger  {Mdes  tt:tu8)  has  bred 
several  times  in  the  Gardens ;  but  I  have  not  heard  of  this  occurring 
elsewhere  in  England,  and  the  event  must  be  very  rare,  for  an 
instance  in  Germany  has  been  thought  worth  recording.^'  In 
Paraguay  the  native  Nasua,  though  kept  in  pairs  during  many 
years  and  perfectly  tamed,  has  never  been  known,  according  to 
Rengger,  to  breed  or  show  any  sexual  passion ;  nor,  as  I  hear  from 
Mr.  haU»,  does  this  animal,  or  the  Gercoleptes,  breed  in  Amazonia. 
Two  other  plantigrade  genera,  Procyon  and  Gulo,  though  often 
kept  tame  m  Paraguay,  never  breed  there.  In  the  Zoological 
Gardens  species  of  Nasua  and  Procyon  have  been  seen  to  couple ; 
but  they  did  not  produce  young. 

As  domesticated  rabbits,  guinea-nigs,  and  white  mice  breed 
so  abundantly  when  closely  confined  under  various  climates,  it 
might  have  been  thought  that  most  other  members  of  the  Rodent 
order  would  have  bred  in  captivity,  but  this  is  not  the  case. 
It  deserves  notice,  as  showing  how  the  capacity  to  breed  sometimes 
goes  by  affinity,  that  the  one  native  rodent  of  Paraguay,  which 
there  breeds /n^/j^  and  has  yielded  successive  generations,  is  the 
Vavia  opera ;  and  this  animal  is  so  closely  allied  to  the  guinea-pig 


I*  Witcmann's  <  Archiv  fUr  Katurgesch.,'  1837,  i.  162. 
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that  it  has  been  erroneously  thought  to  be  the  parent  form.*^  In 
the  Zoological  Gardemt,  some  ixxlents  have  coupled,  but  have  never 
produced  young ;  some  have  neither  coupled  nor  bred ;  but  a  few 
nave  bied,  as  Uie  porcupine  more  than  once,  the  Barbary  mouse, 
lemming,  chinchilla,  and  agouti  (Dcusyprocta  ayuti)  several  times. 
This  latter  animal  has  also  produced  young  in  Paraguay,  though 
they  were  bom  dead  and  ill-formed ;  but  in  Amazonia,  according 
to  Mr.  Bates,  it  never  breeds,  though  often  kept  tame  about  the 
houses.  Nor  does  the  paca  {Cculogenys  paca)  breed  there.  The 
common  hare  when  confined  has,  I  believe,  never  bred  in  Europe ; 
though,  according  to  a  recent  statement,  it  has  crossed  with  the 
rabbit.*^  I  have  never  heard  of  the  dormouse  breeding  in  confine* 
ment  But  squirrels  offer  a  more  curious  case :  with  one  exception, 
no  species  has  bred  in  the  Zoological  Gardens,  yet  as  many  as 
fourteen  individuals  of  S,  pulmarum  were  kept  together  during 
several  vears.  The  8,  cinera  has  been  seen  to  couple,  but  it  did 
not  produce  young ;  nor  has  this  species,  when  rendered  extremely 
tame  in  its  native  country,  North  America,  been  ever  known  to 
breed.^  At  Lord  Derby's  menagerie  squirrels  of  many  kinds  were 
kept  in  numbers,  but  Mr.  Thompson,  the  superintendent,  told  me 
that  none  had  ever  bred  there,  or  elsewhere  as  far  as  he  knew. 
I  have  never  heard  of  the  English  squirrel  breeding  in  confinement. 
But  the  species  which  has  bred  more  than  once  in  the  Zoological 
Gardens  is  the  one  which  perhaps  might  have  been  least  expected, 
namely,  the  flying  squirrel  (Scuropieriu  vducdla):  it  has,  also, 
bred  several  times  near  Birmingham ;  but  the  female  never  pro- 
duced more  than  two  young  at  a  birth,  whereas  in  its  native 
American  home  she  bears  from  three  to  six  young.^ 

Monkeys,  in  the  nine-year  Beport  from  the  Zoological  Gardens, 
are  stated  to  unite  most  freely,  but  during  this  period,  though 
many  individuals  were  kept,  there  were  only  seven  births.  I  have 
heard  of  only  one  American  monkey,  the  Ouistiti,  breeding  in 
Europe.^    A  Macacus,  according  to  Flourens,  bred  in  Paris ;  and 


**  Ren^ffV,  '  Saagethiere,'  &c.,  s. 
276.  On  toe  parentage  of  the  guinea- 
pig,  ace  also  Isid.  GeoiiVoy  St.»HiIaire, 
'  HLit.  Nat.  G<$n.'  I  sent  to  Mr.  H. 
Dennr  of  Leeds  the  lice  which  I  ool- 
lected  from  the  wild  aperea  in  La 
Plata,  and  he  informs  me  that  they 
belong  to  a  genus  distinct  from  those 
founi  on  the  guinea-pig.  This  is 
important  eridence  that  the  aperea  is 
not  the  parent  of  the  guinea-pig ;  and 
is  worth  giving,  as  some  authors  erro- 
neously suppose  that  the  guinea  pig 
since  being  domesticated  has  become 
fterile  when  crossed  with  the  aperea. 

**  Although  the  eiistence  of  the 


Leporidet,  as  described  by  Dr.  Broca 
(*  Journal  de  Phys.,'  tom.  ii.  p.  370), 
has  been  positively  denied,  yet  Dr.  Pi« 
geauz  (*  Annals  and  Mag.  of  Nat. 
Hist.'  voL  XX.,  1867,  p.  75)  affirms  that 
the  hare  and  rabbit  have  produced 
hybrids. 

*•  *  Quadrupeds  of  North  America, 
by  Audubon  and  Bachman,  1846,  p. 
268. 

**  I.oudon's  » Mag.  of  Nat.  Hist.,* 
voL  ix.,  1836,  p.  .'>7l;  Audubun  and 
Bachman's  *  Quadrupeds  of  North 
America,'  p.  221. 

**  Flourens,  *  De  Tlnstinct,'  &0.9 
1845,  p.  88. 


136 


8TER1LITY  FROM 


CUAK  XVIII 


more  than  one  species  of  tliJB  genus  has  produced  yonng  in  London, 
espocialiy  the  Macacfu  rhtmns,  which  everywhere  shows  a  special 
capacity  to  hreed  under  confinement.  Hybrids  have  been  proauced 
both  in  Pahs  and  London  from  this  same  genus.  The  Arabian 
baboon,  or  Cynocephalus  hamttdi-yas*'^  and  a  Gcrcopithecus  have 
bred  in  the  2Dologi<^l  Gardens,  and  the  latter  species  at  the  Duke 
of  Northumberland's.  Several  members  of  the  family  of  Lemui's 
have  produced  hybrids  in  the  Zoological  Gardens.  It  is  much 
more  remarkable  that  monkeys  very  rarely  breed  when  confined 
in  thch*  native  country ;  thus  the  Cay  (Gebus  azarce)  is  frequently 
and  completely  tamed  in  Paraguay,  but  Rengger  **  says  that  it  breeds 
so  rarely,  that  he  never  saw  more  than  two  females  which  had 
produced  young.  A  similar  observation  has  been  made  with  respect 
to  the  monkeys  which  are  frequently  tamed  by  the  aborigines  in 
Brazil.''  In  Amazonia,  these  animals  Hve  so  often  kept  in  a  tame 
state,  that  Mr.  Bat^s  in  walking  through  the  streets  of  Par&  countc^l 
thirteen  sjiecies ;  but,  as  he  asserts,  they  have  never  been  known  to 
breed  in  captivity." 

Birds, 

Birds  offer  in  some  respects  better  evidence  than  quadrupeds, 
from  their  breeding  more  rapidly  and  being  kept  in  greater 
numbers.**  We  have  seen  that  carnivorous  animals  are  mora 
fertile  under  confinement  than  most  other  mammals.  The  reverse 
holds  good  with  carnivorous  birds.  It  is  said*^  that  as  many 
as  eighteen  species  have  been  used  in  Europe  for  hawking,  aud 
several  others  in  Persia  and  India ;  ^  thev  have  been  kept  in  their 
native  country  in  the  finest  condition,  and  have  been  flown  during 
six,  eight,  or  nine  years;**  yet  there  is  no  record  of  their  having 
ever  produced  young.  As  these  birds  were  formerly  caught  whilst 
young,  at  great  expense,  being  imported  from  Iceland,  Norway, 


**  See  'Annnal  Reports  Zoolog. 
Soc.*  1855, 1858, 1863, 1864;  'Times' 
newspaper,  Aug.  10th,  1847 ;  Flou« 
rens,  *  De  I'lnstmct,'  p.  85. 

^  *  Saugethiere,'  asc,  s.  34,  49. 

*'  Art.  Brazil,  *  Penny  Cyclop.,'  p. 
363. 

**  *  The  Nataralii«t  on  the  Amnions,* 
vol.  i.  p.  99. 

**  A  list  of  the  species  of  birds 
which  hare  bred  in  the  Zoologioal 
Gardens  from  1848  to  1H67  incluiiive 
has  been  published  by  Mr.  Sclater 
in  *  Proc.  Zoolog.  Soc,'  1869,  p.  626, 
since  tK^  first  edition  of  this  work 
apiM^ared.  Of  Colnrobai  51  species 
have  been  kept,  ana  of  Anseres  80 
■pedes,  «ad  in  both  these  ifunilies,  1 


species  in  2*6  have  bred  at  leost  once 
in  the  20  years.  Of  Gallino:,  83 
species  have  been  kept,  and  1  in  2  *  7 
have  bred ;  of  57  Grallic,  1  in  9  have 
bred;  of  110  Prehensores,  1  in  22 
have  bred ;  of  178  Passeres,  1  in 
25*4  have  bred;  of  94  Accipitrcs, 
1  in  47  have  bred ;  of  25  Picaria;,  and 
of  35  Herodion^  not  one  species  in 
either  group  has  bred. 

••  *  £ncyclop.  of  Rural  Sports,'  p. 
691. 

**  According  to  Sir  A.  Bumes 
C'Cabool,'  Sic,  p.  51),  eight  species 
are  used  for  hawking  in  Sinde. 

w  Loudon's  *Mag.  of  Nat.  JlisL, 
vol.  vi.,  1833,  p.  no. 
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«Dd  Sweden,  there  can  be  little  doubt  that,  if  posaible,  they  wonid 
have  been  propagated.  In  the  Jardin  des  Plantee,  no  bird  of  prey 
has  been  known  to  oonple."  No  hawk,  vultnre,  or  owl  has  ever 
])roduced  fertile  eggs  in  tne  Zoological  Gardens,  or  in  the  old  Surrey 
Gardens,  with  the  exception,  in  the  former  place  on  one  occasion, 
of  a  condor  and  a  kite  (MUvus  niyer).  Yet  several  species,  namely, 
the  AquUa  /ums,  BcUioitus  leueoeephalus,  Faico  tinnunaUwiy  F.  sub- 
buteOj  and  iuteo  vulgaris,  have  been  seen  to  conple  in  the  Zoological 
Gardens.  Mr.  Morris  ^  mentions  as  a  nniqne  fact  that  a  kestrel 
{Falco  ttvnuncultu)  bred  in  an  aviary.  The  one  kind  of  owl  which 
has  been  known  to  conple  in  the  Zoological  Gardens  was  the  Eagle 
Owl  (Bubo  maximw) ;  and  this  species  shows  a  special  inclination 
to  breed  in  captiTi^;  for  a  pair  at  Arundel  &stle,  kept  more 
nearly  in  a  state  of  nature  "  than  ever  fell  to  the  lot  of  an  animal 
deprived  of  its  liberty,"  **  actually  reared  their  young.  Mr.  Gumey 
has  given  another  instance  of  this  same  owl  breeding  in  confinement ; 
and  be  records  the  case  of  a  second  species  of  owl,  the  Stn'x  pasterina, 
breeding  in  captivity." 

Of  the  smaller  graminivorous  birds,  many  kinds  have  been  kept 
tame  in  their  native  countries,  and  have  lived  long ;  yet,  as  the 
highest  authority  on  cage-birds''  remarks,  their  propagation  is 
"  uncommonly  dlfficuli"  The  canary-bird  shows  that  there  is  no 
inherent  difficulty  in  these  birds  breeding  freely  in  confinement ; 
and  Audubon  says'*  that  the  FringUla  {Spiza)  ciris  of  Norih 
America  breeds  as  perfectly  as  the  canary.  Tbe  difficulty  with 
the  many  finches  which  have  been  kept  in  confinement  is  all  the 
more  remarkable  as  more  than  a  dozen  species  could  be  named 
which  have  yielded  hybrids  with  the  canary;  but  hardly  any 
of  these,  with  the  exception  of  the  siskin  ( Fringilla  ipinuti),  have 
reproduced  their  own  kind.  Even  the  bullfinch  (Loocia  pyrrhula) 
has  bred  as  frequently  with  the  canary,  though  belonging  to 
a  distinct  genus,  as  with  its  own  species."  With  respect  to  the 
skylark  (Alauda  artwnns),  I  have  heard  of  birds  living  for  seven 
years  in  an  aviary,  which  never  produced  young;  and  a  great 
London  bird-fancier  assured  me  that  he  had  never  known  an 
instance  of  their  breeding ;  nevertheless  one  case  has  been  recorded.^^ 
In  the  nine-year  Beix>rt  from  the  Zoological  Society,  twenty-four 


"  F.  Cnrier,  *  Annal.  dn  Mus^uin,' 
torn.  ix.  p.  128. 

**,  *  The  Zoologist,'  vol.  vii.-viii., 
1849-50,  p.  2648. 

**  Knox,  'Ornithological  RamMes 
in  Suwx,'  p.  91. 

*•  *The  Zoologist,'  vol.  viL-rill., 
1849-50,  p.  2566 ;  vol.  ix.-z.,  18M-2, 
p.  3207. 

"  Bechste{ii,<Natargesch.der5tu- 
beBTAgel,'  1840,  f.  20. 


*  'Ornithological  Biography,'  rol. 
V.  p.  517. 

■•  A  cane  is  ri'corded  in  *  The  Zoo- 
logist,' vol.  i.-ii.,  1843-45,  p.  453.  For 
the  siskin  hree<ling,  vol.  iii.>iv.,  1845- 
46,  p.  1075.  Bechstein,  *  Stuben* 
vOgel,'  s.  139,  8i>eaics  of  bullfinches 
roalcing  nests,  but  rnraly  producing 
youn«;. 

*•  ITarrell's  «Hist.  British  Birds,' 
1839,  vol.  i.  p.  412. 
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iiisessorial  species  are  enumerated  which  had  not  bred,  and  ot 
these  only  four  were  known  to  have  coupled. 

Parrots  are  singularly  long-liyed  birds ;  and  Humboldt  mentions 
the  curious  fact  of  a  parrot  in  South  America,  which  spoke  the 
language  of  an  extinct  Indian  tribe,  so  that  this  bird  preserved 
the  sole  relic  of  a  lost  language.  Even  in  this  country  there  is 
reason  to  believe^*  that  parrote  baye  lived  to  the  age  of  nearly 
one  hundred  years ;  yet  they  breed  so  rarely,  though  mauy  have  been 
kept  in  Europe,  that  the  eyent  has  been  thought  worth  recording 
in  the  grayest  publications.^'  Neyertheless,  when  Mr.  Buxton 
turned  out  a  large  number  of  parrots  in  ^'orfolk,  three  pairs  bred 
and  reared  ten  young  birds  in  the  course  of  two  seasons ;  and  this 
success  may  be  attributed  to  their  free  life.^'  According  to  Bechstein^^ 
the  African  Fsittacus  enthactu  breeds  oftener  than  any  other  species 
in  Germany :  the  P.  macoa  occasionally  lays  fertile  eggs,  but  rarely 
succeeds  in  hatching  them;  this  bird,  howeyer,  has  the  instinct 
of  incubation  sometimes  so  strongly  deyeloped,  that  it  will  hatch 
the  eggs  of  fowls  or  pigeons.  In  the  Zoological  Gardens  and  in 
the  old  Surrey  Gardens  some  few  species  haye  coupled,  but,  with 
the  exception  of  three  species  of  parrakeets,  none  haye  bred.  It 
is  a  much  more  remarkable  fact  that  in  Guiana  parrots  of  two 
kinds,  as  I  am  informed  by  Sir  R.  Schomburgk,  are  ofhen  taken 
from  the  nests  by  the  Indians  and  reared  in  large  numbers ;  they 
are  so  tame  that  they  fly  freely  about  the  houses,  and  come  when 
called  to  be  fed,  like  pieeons ;  yet  he  has  never  heard  of  a  single 
instance  of  their  breeding.^  In  Jamaica,  a  resident  naturalist, 
Mr.  R.  Hill,^  says,  "no  birds  more  readily  submit  to  human 
"dependence  than  the  parrot-tribe,  but  no  instance  of  a  parrot 
"  breeding  in  this  tome  life  has  been  known  yet."  Mr.  Hill  specifies 
a  number  of  other  native  birds  kept  tame  in  the  West  Indies,  which 
never  breed  in  this  state. 

The  great  pigeon  family  offers  a  striking  contrast  with  the  parrots : 
in  the  nine-year  Report  thirteen  species  are  recorded  as  having 
bred,  and,  what  is  more  noticeable,  only  two  were  seen  to  couple 
without  any  result  Since  the  above  date  every  annual  Report 
gives  many  cases  of  various  pigeons  breeding.  The  two  magnificent 
crowned  pigeons  {Ooura  coronata  and  victor  ice)  produced  hybrids; 


«>  Loudon's  *  Mag.  of  Nat.  History/ 
vol.  xix.,  1836,  p.  347. 

**  *  M^moires  du  Hus^nm  d'Hist. 
Nat.,*  torn.  X.  p.  314:  five  cases  of 
parrots  breeding  in  France  are  here 
recorded.  See  also  'Report  Brit. 
Assoc  Zoolog.,'  184^^. 

**  *  Annals  and  Mag.  of  Nat.  Hist.,' 
Nov.  1868,  p.  311. 

**  *  StubenvOgel,'  s.  105,  83. 

••  Dr.  Hancock  remarks  (*  Charles- 


worth's    Mag.    of   Nat    Hist.'    vol. 
1838,   p.   492),   "it   is   singular 


11. 


that,  amongst  the  numerous  useful 
birds  that  are  indigenous  to  Guiana, 
none  are  found  to  propagate  among 
the  Indians;  yet  the  common  fowl  is 
reared  in  abundance  throughout  th« 
country." 

*•  'A  Week  at  Port  Royal,'  1855. 
p.  7. 
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neYeriheless,  of  the  former  species  more  thftc  a  dozen  birds  were 
kept,  AS  I  am  informed  by  Mr.  Crawford,  in  a  park  at  Peiiang, 
nnder  a  perfectly  well-adapted  climate,  but  never  once  bred.  The 
Voiumba  niigratoria  in  its  native  country.  North  America,  invariably 
lays  two  eggs,  but  in  Lord  Derby's  menagerie  never  more  than 
one.    The  same  fact  has  been  observed  with  the  C,  leucocephalrt*^ 

Gallinaceous  birds  of  many  genera  likewise  show  an  eminent 
capacity  for  breeding  under  captivity.  This  is  particularly  the  case 
with  pheasants,  yet  our  Englisn  spocies  seldom  lays  more  than  tt>n 
eggs  in  confinement ;  whilst  from  eighteen  to  twenty  is  the  usual 
number  in  the  wild  state.^  With  the  Gallinaceie,  as  with  all  other 
orders,  there  are  marked  and  inexplicable  exceptions  in  regard  to 
the  fertility  of  certain  species  and  genera  under  confinement. 
Although  many  trials  have  been  made  with  the  common  partridge, 
it  has  rarely  bred,  even  when  reared  in  large  aviaries ;  and  the  hen 
will  never  hatch  hei'  own  eggs.^*  The  Ameiican  tribe  of  Guans 
or  Cracidffi  are  tamed  with  remarkable  ease,  but  are  very  shy 
breeders  in  this  country;^  but  with  care  various  species  were 
fonnerly  made  to  breed  rather  freely  in  Llolland.^^  Birds  of  this 
tribe  are  often  kept  in  a  perfectly  tamed  condition  in  their  native 
country  by  the  Indians,  but  they  never  breed.'"  It  might  have  been 
expected  that  grouse  from  their  habits  of  life  would  not  have  bred  in 
captivity,  more  especially  as  they  are  said  soon  to  languish  and 
die."  But  many  cases  are  recorded  of  their  breeding :  the  CAper- 
oailzie  (Tetrao  urogaUus)  has  bred  in  the  Zoological  Gardens;  it 
breeds  witiiout  much  difficulty  when  confined  in  Norway,  aud  in 
Russia  five  successive  generations  have  been  reared  :  Tttmo  Utrtx 
has  likewise  bred  in  Norway ;  T.  acotf'cus  in  Ireland ;  T.  vmbellus  at 
Lord  Derby's;  and  T,  cupido  in  North  America. 

It  is  scarce^  possible  to  imagine  a  greater  change  in  habits  than 
that  which  the  members  of  the  ostrich  finmily  must  suffer,  when 
cooped  up  in  small  enclosures  nnder  a  temperate  climate,  after 
freely  roaming  over  desert  and  tropical  plains  or  entangled  forests; 


*'*  Andnbon,  'American  Omith- 
oloffy,'  vol.  V.  pp.  552,  657. 

«  Monbray  on  Poultry,  7th  ©dit., 
p.  133. 

^  TemmiBck,  «HUt.  Nat.  G*n.  des 
Pigeons,'  &c.,  1813,  torn.  iii.  pp.  288, 
382 ;  '  Annals  and  Mag.  of  Nat.  Hist.,' 
vol  xii.,  1843,  p.  453.  Other  species 
of  partridge  have  occasionally  bred ; 
as  the  red-legged  (P.  ruhrd^  when 
kept  in  a  large  court  in  France  {tee 
'Journal  de  Physique,'  torn.  xxt.  p. 
294),  and  in  the  Zoological  Gardens 
in  1856. 

••  Bev.  E.  S.  Dixon,  *The  DoTe- 
Wto,'  1851,  pp.  243-252. 


*^  Temminck,  '  Hist.  Nat.  Gen.  des 
Pigeons/  &c.,  torn.  ii.  pp.  456,  458 ; 
torn.  ill.  pp.  2,  1 3.  47. 

**  Bates,  *Thc  Naturalist  on  the 
Amazons,'  vol.  i.  p.  1U3 ;  vol.  ii.  p. 
112. 

•<  Temminck,  *  HUt.  Nat.  G^n.,'  &c, 
tom.  li.  p.  125.  For  Tttrao  vrofjaiius, 
aee  L  Lloyd,  *  Field  SporU  of  North 
of  Europe,'  vol.  i.  pp.  287,  314  ;  and 

*  Bull,  de  la  Soc.  d'AccIiraat.,'  tom. 
Tii.,  1860,  p.  600.  For  T.  eo  iicusy 
Thompson,  *Nat.  Hist,  of  Ireland,' 
vol.  ii.  1850,  p.  49.     For  T.  cupkJo. 

*  Boston  Journal  of  N  t.  Hist,'  Tol 
iii.  p.  199. 
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yet  almost  all  the  kinds  have  frequently  produced  young  in  the 
Tarious  European  menageries,  even  the  mooruk  (^Cii8wtri»»  bennetit) 
from  New  Ireland.  The  African  ostrich,  though  perfectly  healthy 
and  living  long  in  the  South  of  France,  never  lays  more  than  from 
twelve  to  fifteen  eggs,  though  in  its  native  country  it  lays  from 
twenty-five  to  thirty.^  Here  we  have  another  instance  of  fertility 
impaired,  but  not  lost,  under  confinement,  as  with  the  flying 
squirrel,  the  hen-pheasant,  and  two  species  of  American  pigeons. 

Most  Waders  can  be  tamed,  as  the  Rev.  E.  S.  Dixon  informs  me, 
with  remarkable  facility ;  but  several  of  them  are  short-lived  under 
confinement,  so  that  their  sterility  in  this  state  is  not  surprising. 
The  cranes  breed  more  readily  tluui  other  genera :  Orvi  montigresfa 
has  bred  several  times  in  Paris  and  in  the  Zoological  Gardens,  as 
has  O,  cinerea  at  the  latter  place,  and  G,  antigone  at  Calcutta.  Of 
other  members  of  this  great  order,  Tttrapteryx  paradisea  has  bred 
at  Knowsley,  a  Porphyrio  in  Sicily,  and  the  Oallinfila  ehloropus  in 
the  Zoological  Gardens.  On  the  other  hand,  several  birds  belonging 
to  this  oraer  will  not  breed  in  their  native  country,  Jamaica;  and 
the  Psophia,  though  often  kept  by  the  Indians  of  Guiana  about 
their  houses, "  is  seldom  or  never  known  to  breed"  ^ 

The  members  of  the  great  Dnck  family  breed  as  readily  in 
confinement  as  do  the  ColumlwB  and  Gallin» ;  and  this,  considering 
their  aquaiio  and  wandering  habits,  and  the  nature  of  their  food, 
could  not  have  been  anticipated.  Even  some  time  ago  above  two 
dozen  species  had  bred  in  the  Zoological  Gardens;  and  M.  Selys- 
LoDgchamps  has  recorded  the  production  of  hybrids  from  forty-four 
different  members  of  the  fiunily ;  and  to  these  Professor  Newton  has 
added  a  few  more  cases."*  "  There  ia  not,"  says  Mr.  Dizon,*^ "  in 
the  wide  world,  a  goose  which  is  not  in  the  strict  sense  of  the  word 
domesticable;"  that  is,  capable  of  breeding  under  confinement; 
but  this  statement  is  probably  too  bold.  The  capacity  to  breed 
sometimes  varies  in  individuals  of  the  same  species;  thus  Audubon^ 
kept  for  more  than  eight  years  some  wild  geese  (An$er  canadensis), 
but  they  would  not  mate;  whilst  other  individuals  of  the  same 
species  produced  voung  during  the  second  year.  I  know  of  but  one 
instance  in  the  whole  family  of  a  species  which  absolutely  refuses 
to  breed  in  captivity,  namely,  the  Dtvdrocygna  viduata,  although, 
according  to  Sir  B.  Schomburgk,^  it  is  easily  tamed,  and  is 
frequently  kept  by  the  Indians  of  Guiana.     Lastly,  with  respect 


**  Marcel  de  Serres,  '  AnnalM  dee  *  Report  Asiatic  Soc  of  Bengal,'  May 

ScL  Kal.,'  2nd  series,  Zoolog.,  torn.  1855. 

xiii.  p.  175.  »•  Prof.  Newton,  in  « Proc  Zoolog. 

^  Dr.  Hancock,  in  <  Charlesworth's  Soc.,'  1860,  p.  336. 

Mag.  of  Nat.  Hist.,'  rol.  ii.,  1838,  p.  "  *llie  Dovecote  and  Aviary,'  p. 

491;  R.  Hill,  <  A  Week  at  Port  Royal,'  428. 

p.  8 ;  <  Guide  to  the  Zoological  Gardens,*  **  '  Ornithological  Biography,'  toL 

by  P.  L.  Sciater,  1859,  pp.  11,  12;  iii.  p.  9. 

*The   Knowsley  Ilenagerie,'  by  Dr.  **  ^Geograph.  Journal,'  vol.  xUi, 

Gray,    1846,    pi.    ziv. ;    £.    Blyth,  1844,  p.  3J. 
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to  Gulls,  though  many  have  been  kept  in  the  Zoological  Grardens 
and  in  the  old  Surrey  Gardens,  no  instance  was  known  before  the 
year  1848  of  their  coupling  or  breeding;  but  since  that  period  the 
herring  gull  (Larw  arget^tatus)  has  bred  many  times  in  tlie 
Zoological  Gkiraens  and  at  Knowsley. 

There  is  reason  to  believe  that  insects  are  affected  by  confinement 
like  the  higher  animals.  It  is  well  known  that  the  Sphingidte 
rarely  breed  when  thus  treated.  An  entomologist"^  in  Paris  kept 
twenty-five  specimens  of  JSatumia  pyn,  but  did  not  succeed  in 
getting  a  single  fertile  egg.  A  number  of  females  of  Orthwia  munda 
and  of  MamtBtra  buclmi  reared  in  confinement  were  unattractive  to 
the  males.*^  Mr.  Newpoi-t  kept  nearly  a  hundred  individuals  of 
two  species  of  Vuiieflsa,  but  not  one  paired ;  this,  however,  might 
have  been  due  to  their  habit  of  coupling  on  the  wing.*^  Mr. 
Atkinson  could  never  succeed  in  India  in  making  the  Tarroo  silk- 
moth  breed  in  confinement.**  It  appears  that  a  number  of  moths, 
especially  the  Sphingidce,  when  hatcned  in  the  autumn  out  of  their 
proper  season,  are  completely  barren ;  but  this  latter  case  is  still 
involved  in  some  obscurity." 

Independently  of  the  fact  of  many  animals  under  confine- 
ment not  coupling,  or,  if  they  couple,  not  producing  young, 
there  is  evidence  of  another  kind  that  their  sexual  functions 
are  disturbed.  For  many  cases  have  been  recorded  of  the 
loss  by  male  birds  when  confined  of  their  characteristic  plu- 
mage. Thus  the  oommon  linnet  (Linoia  cannabina)  when 
caged  does  not  acquire  the  fine  crimson  colour  on  its  breast, 
and  one  of  the  buntings  {Emheriza  passerina)  loses  the  black 
on  its  head.  A  Pyrrhula  and  an  Oriolus  have  been  observed 
to  assume  the  q'liet  plumage  of  the  hen-bird  ;  and  the  Falco 
albidus  returned  to  the  dress  of  an  earlier  age.^^  Mr.  Thomp- 
son, the  superintendent  of  the  Knowsley  menagerie,  informed 
nie  that  he  had  often  observed  analogous  facts.  The  horns 
of  a  malo  deer  (Cerous  canadentis)  during  the  voyage  from 
America  weie  l>adly  developed;  but  subsequently  in  Paris 
l^rfect  horns  were  produced. 

••  London's  <  Mug.  of  Nat.  Hist.,'  5764 ;    and   Dr.   WaUaoe,  in  *  Proc. 

vol.  v.,  183-J,  p.  153.  Entomolog.  Soc,'  Jnne  4th,  1860,  p. 

"  « Zoologist,'  vols.  v.-vL,  1847-48,  119. 
p.  1660.  •*  Yarrell's  'British  Birds,'  rol.  i. 

**  *  Transact.  Entomolog.  Soc,' vol.  p.  506;  Beclistein,  '  StnbenTftgel,'  s. 

Iv.,  1845,  p.  60.  185  ;  *  Philosopli.  Transact.,'  1772,  p. 

•*  *  Transact.  Linn.  Soc,'  vo'i.  vii.  271.     Bronn  (*  Gescliichte  der  Natur,' 

p.  40.  Band  ii.  s.  96)  has  collected  a  number 

**  See  an  interesting  paper  bv  Mr.  of  cases.     For  the  cose  of  the  deer, 

Newman,  in  the  *Zoologi»t,'  1867,  p.  '  Penny  C}clop.,*  vol.  vUi.  p.  350. 


142  STERILITY  FROM  Chap.  XYIIL 

"When  oonception  takes  place  under  ooufincment,  the  3'oung 
are  often  born  dead,  or  die  soon,  or  are  ill-formed,  l^his 
frequently  occurs  in  the  Zoological  Gardens,  and,  according  to 
Hengger,  with  native  animals  confined  in  Paraguay.  The 
mother^s  milk  often  fails.  We  may  also  attnbute  to  the  dis- 
turbance of  the  sexual  functions  the  frequent  occurrence  of 
that  monstrous  instinct  which  leads  the  mother  to  devour  her 
own  offspring,  ~  a  mysterious  case  of  perversion,  as  it  at  first 
appears. 

Sufficient  evidence  has  now  been  advanced  to  prove  that 
animals  when  first  confined  are  eminently  liable  to  sufier  in 
their  reproductive  systems.  We  feel  at  first  naturally  inclined 
to  attribute  the  result  to  loss  of  health,  or  at  least  to  loss  of 
vigour:  but  this  view  can  hardly  be  admitted  when  we 
i^efiect  how  healthy,  loDg-lived,  and  vigorous  many  animals 
are  under  captivity,  such  as  parrots,  and  hawks  when  used  for 
hawking,  chetahs  when  used  for  hunting,  and  elephants.  The 
reproductive  organs  themselves  are  not  diseased ;  and  the 
diseases,  from  which  animals  in  menageries  usually  perish, 
are  not  those  which  in  any  way  afiect  their  fertility.  No 
domestic  animal  is  more  subject  to  disease  than  the  sheep,  yet 
it  is  remarkably  prolific.  Ihe  failure  of  animals  to  bi'eed 
under  confinement  has  been  sometimes  attributed  exclusively 
to  a  failure  in  their  sexual  instincts :  this  may  occasionally 
come  into  play,  but  there  is  no  obvious  reason  why  this 
instinct  should  be  especially  liable  to  be  affected  with  per- 
fectly tamed  animals,  except,  indeed,  indirectly  through  the" 
reproductive  system  itself  being  disturbed.  Moreover, 
numerous  cases  have  been  given  oi  various  animals  which 
couple  freely  under  confinement,  but  never  conceive;  or,  if 
they  conceive  and  produce  young,  these  are  fewer  in  number 
than  is  natural  to  the  species.  In  the  vegetable  kingdom 
instinct  of  course  can  play  no  part ;  and  we  shall  presently  seo 
that  [)lants  when  removed  from  their  natural  conditions  are 
atlected  in  nearly  the  same  manner  as  animals.  Change  of 
climate  cannot  be  the  cause  of  the  lose  of  fertility,  for,  whilst 
many  animals  imported  into  Europe  from  extremelv  difierent 
climates  breed  freely,  many  otheis  when  confined  in  their 
native  land  ar^  corrpletely  sterile.     Change  of  food  cannot  be 
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the  chief  cause ;  for  oetriches,  ducks,  and  man}'  other  finimala, 
which  must  have  undergone  a  groat  change  in  this  respecti 
oreed  freely.  Carnivorous  birds  when  confined  are  extremely 
sterile,  whilst  most  carnivorous  mammals,  except  plantigrades, 
are  moderately  fertile.  Nor  can  the  amount  of  food  be  the 
cause ;  for  a  sufiScient  supply  will  certainly  be  given  to  valuable 
animals ;  and  there  is  no  reason  to  suppose  that  much  more 
food  would  Vie  given  to  them  than  to  our  choice  domestic 
productions  which  retain  their  full  fertility.  Lastly,  we  may 
infer  f i  om  the  cado  of  the  elephant,  chetah,  various  hawks,  and 
of  many  animals  which  are  allowed  to  lead  an  almost  free  life 
in  their  native  land,  that  want  of  exercise  is  not  the  sole  cause. 
It  would  appear  that  any  change  in  the  habits  of  life,  what- 
ever these  habits  may  be,  if  great  enough,  tends  to  affect  in 
an  inexplicable  manner  the  powers  of  reproduction.  The 
result  depends  more  on  the  constitution  of  the  species  than  on 
the  nature  of  the  change;  for  certain  whole  groups  are 
affected  more  than  others ;  but  exceptions  always  occur,  for 
some  species  in  the  most  fertile  groups  refuse  to  breed,  and 
some  in  the  most  sterile  groups  breed  freely.  Those  animals 
which  usually  breed  freely  under  confinement,  rarely  breed, 
as  I  was  assured,  in  the  Zoological  Gardens,  within  a  year  or 
two  after  their  first  importation.  When  an  animal  which  is 
generally  sterile  under  confinement  happens  to  breed,  the 
young  apparently  do  not  inherit  this  power:  for  had  this 
been  the  case,  various  quadrupeds  and  birds,  which  are 
valuable  for  exhibition,  would  have  become  common.  Dr. 
Broca  even  affirms  ^^  that  many  animals  in  the  Jardin  dea 
Plantes,  after  having  produced  young  for  three  or  four  sue* 
oessivo  generations,  become  sterile;  but  this  may  be  the 
result  of  too  close  interbreeding.  It  is  a  remarkable  circum- 
stance that  many  mammals  and  birds  have  produced  hybrids 
under  confinement  quite  as  readily  as,  or  even  more  leadily 
than,  they  have  procreated  their  own  kind.  Of  this  fact  many 
instances  have  been  given ;  ^^  and  we  are  thus  reminded  of 
those  plants  which  when  cidtivated  refuse  to  be  fertilised  by 

**  *  Journal  de  Physiologie,'  toiu.      subject,  see  F.  Cuyier,  in  *  Anuales  d« 
p.  347.  Museum,'  torn.  xiL  p.  I19« 

^  for  additiMud  evidsnoe  on  th^i 
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4h«»ir  own  pollen,  bat  oan  easily  be  fertiliaed  by  that  of  a 
distinct  species.  Finally,  we  innst  conclude,  limited  as  the 
conclusion  is,  that  changed  conditions  of  life  have  an  especial 
power  of  acting  injuriously  on  the  reproductive  s}nBteni.  The 
whole  case  is  quite  peculiar,  for  these  organs,  though  not 
diseased,  are  thus  rendered  incapable  of  performing  their 
proper  functions,  or  perform  them  imperfectly. 

f'tei'iUty  of  Dt'infuficatcd  AninutU  fnym  c?ianf/ed  coiiffUionn, — With 
resix>ct  to  domesticated  animals,  as  their  domestication  mainly 
dei)cnda  on  the  accident  of  their  broediug  fi"cely  under  captivity, 
wo  ought  not  to  expect  that  their  reproductive  system  would  lie 
affected  by  anv  moderate  degree  of  change.  Those  orders  of 
quadrupeds  and  birds,  of  which  the  wild  species  breed  most  i-eadily 
in  our  menageries,  have  afforded  us  the  greatest  number  of  domes- 
ticated pi-oductions.  Savages  in  most  parts  of  the  world  are  fond 
of  taming  animals  ;*"  and  if  any  of  these  regularly  produced  young, 
and  were  at  the  same  time  useful,  they  would  be  at  once  domesti- 
cated. If,  when  their  masters  migrated  into  other  countries,  they 
were  in  addition  found  capable  of  withstanding  various  climates, 
they  would  be  still  more  valuable ;  and  it  appears  that  the  animals 
which  breed  readily  in  captivity  can  generally  withstand  different 
climates.  Some  few  domesticated  animals,  such  as  the  reindeer  and 
camel,  offer  an  exception  to  this  rule.  Many  of  our  domesti(*atcd 
animals  can  bear  with  undiminished  fertility  the  most  unnatural 
conditions ;  for  instance,  rabbits,  guinea-pigs,  and  ferrets  breed  in 
miserably  confined  hutches.  Few  European  dogs  of  any  kind 
withstand  the  climate  of  India  without  degenerating,  but  as  long 
as  they  survive,  they  retain,  as  I  hear  from  Dr.  Falconer,  their 
fertility;  so  it  is,  according  to  Dr.  Daniell,  with  English  dogs 
taken  to  Sierra  Leone.  The  fowl,  a  native  of  the  hot  jungles  of 
India,  l)ecomes  more  fertile  than  its  parent-stock  in  every  quarter 
of  the  world,  until  we  advance  as  far  north  as  Greenland  and 
Northern  Siberia,  where  this  bird  will  not  breed.  Both  fowls  and 
pigeons,  which  I  received  during  the  autumn  direct  from  Sierra 
Jjcone,  were  at  once  ready  to  couple.*"    I  have,  also,  seen  pigeons 


**  Numerous  instaaoes  could  be 
^iven.  Thus  LivingHtone  (*  Travels,* 
p.  217)  states  thnt  the  King  of  the 
liarotse,  aa  inland  tribe  which  never 
had  any  coin municat ion  with  white 
men,  was  extremely  fund  of  taming 
animals,  and  erery  young  antelope  was 
brought  to  him.  Mr.  Gal  ton  informs 
hie  thai  the  Damaras  are  likewise 
fond  of  keeping  pets.  The  Indians  of 
South  America  follow  the  same  habjt, 
Capt.  Wilkes  states  that   the   fo]jm 


nesians  of  the  Samoan  Islands  tamed 
pigeoni ;  and  the  New  Zealandera,  ns 
Mr.  Mantell  informs  me,  kept  variou!) 
kinds  of  birds. 

**  For  analogous  cases  with  the 
fowl,  see  Reaumur,  *  L*.\rt  de  faire 
Eclore,*  &c,  1749,  p.  243;  and  Ccl. 
Sykes,  in  *  Proc.  Zoolog.  Soc.,'  133*2, 
&c.  With  respect  to  the  fowl  not 
breeding  in  northern  regions,  »« 
l^itham's  *  Hist,  of  Biida,'  vol.  vjzi., 
li;23,  |).  169. 
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breeding  as  freely  as  the  cammon  kinds  within  a  year  after  their 
importation  from  the  upper  Nile.  The  guinea-fowl,  an  aboriginal 
of  the  hot  and  dry  deserts  of  Africa,  whilst  living  under  our  oamp 
and  cool  climate,  produces  a  laige  supply  of  eggs. 

NeTcrtheless,  our  domesticated  animals  under  new  conditions 
occasionally  show  signs  of  lessened  fertility.  Bonlin  asserts  that 
in  the  hot  Talleys  of  the  equatorial  Cordillera  sheep  are  not  fully 
fecund;'®  and  according  to  Lord  Somerville,''^  the  merino-slieep 
which  he  imported  from  Spain  were  not  at  first  perfectly  fertile.  It 
is  said'*  that  mares  brought  up  on  dry  food  in  the  stable,  and 
turned  out  to  grass,  do  not  at  first  breed.  The  peahen,  as  we  Imvo 
seen,  is  said  not  to  lay  so  many  eggs  in  England  as  in  India.  It 
was  long  before  the  oanary-bird  was  fully  fertile,  and  even  now  first- 
rate  br^ding  birds  are  not  common.'''  In  the  hot  and  dry  province 
of  Delhi,  as  I  hear  from  Dr.  Falconer,  the  eggs  of  the  turkey, 
though  placed  under  a  hen,  are  extremely  liable  to  fail.  According 
to  Boulm,  geese  taken  to  the  lofty  plateau  of  Bogota,  at  first  laid 
seldom,  and  then  only  a  few  eggs ;  of  these  scarcely  a  fourth  were 
hatched,  and  half  the  young  birds  died ;  in  the  second  generation 
they  were  more  fertile ;  and  when  Boulin  wrote  they  wwe  becoming 
as  fertile  as  our  geese  in  Etirope.  With  respect  to  the  valley  of 
Quito,  Mr.  Orton  says:^^  "the  only  geese  in  the  valley  are  a  few 
imported  from  Europe,  and  these  refuse  to  propagate."  In  tiie 
Philippine  Archipelago  the  goose,  it  is  asserted,  will  not  breed  or  even 
lay  eggs.''*  A  more  curious  case  is  that  of  the  fowl,  which,  accord- 
ing to  Houlin,  when  first  introduced  would  not  breed  at  Cusco  in 
Bolivia,  but  subsequently  became  quite  fertile ;  and  the  English  Game 
fowl,  lately  introdfuced,  had  not  as  yet  arrived  at  its  full  fertility, 
for  to  raise  two  or  three  chickens  Irom  a  nest  of  eggs  was  thought 
fortunate.  In  Europe  close  confinement  has  a  marked  efiect  on  the 
fertility  of  the  fowl :  it  has  been  found  in  France  that  witii  fowls 
allowed  considerable  freedom  only  twenty  per  cent  of  the  eggs  failed ; 
when  allowed  less  freedom  forty  per  cent,  failed ;  and  in  close  con- 
finement sixty  out  of  the  hundred  were  not  hatched.^*  So  we  see  that 
unnatural  and  changed  conditions  of  life  produce  some  effect  on  the 
fertility  of  our  mo»b  thoroughly  domesticated  animals,  in  the  same 
manner,  though  in  a  far  less  degree,  as  with  captive  wild  animals. 

It  is  by  no  means  rare  to  find  certain  males  and  females  which  will 
not  breed  together,  though  both  are  known  to  be  perfectly  fertile 
with  other  males  and  females.  We  have  no  reason  to  suppose  that 
this  Is  caused  by  these  animals  having  been  subjected  to  any  change 
in  their  habits  of  life ;  therefore  such  cases  are  hardly  related  to  our 
present  subject.    The  cause  apparently  lies  in  an  innate  sexual  iu- 


Y*«M^m.]>ardi7enSaTan8,''*Acad.  '«  *The  Andes  and  lk«  Amazon,' 

des  Scienoes,'  torn,  rl,  1836,  p.  347.  1870,  p.  107. 

'1  IToaatt  on  She«p,  p.  181.  '*  Cnwfuid's  <  DeMriptive  Diet,  of 

^*  J.   Mills,   *  Treatise  on  Cattle,'  the  Indian  Islands,' 1856,  p.  145. 
1776,  p.  72.  "  ♦  Bull,  de  la  Soc  d^Acclimat ./ 

'<  Bechstei^ '  StabenvSgel,'  s.  342.  torn  ix.,  1862,  pp.  380,  384. 
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compatibility  of  the  pair  which  are  matched.  Several  instances  have 
been  communicated  to  me  by  Mr.  W.  C.  Spoooer  (well  known  for  his 
es8ay  on  Cross-breeding),  by  Mr.  Eyton  of  Eyton,  by  Mr.  Wieksted 
and  other  breeders,  and  especially  by  Mr.  Waring  of  Chelsfield,  in 
relation  to  horses,  cattle,  pigs,  foxhounds,  other  dogs,  and  pigeons.^ 
In  these  coses,  females,  which  either  previously  or  subsequently  were 
provei  to  be  fertile,  failed  to  breed  with  certain  males,  with  whom 
it  was  particularly  desired  to  match  them.  A  change  in  the  con- 
stitution of  the  female  may  sometimes  have  occurred  before  she  was 
put  to  the  second  male ;  but  in  other  cases  this  explanation  is  hardly 
tenable,  for  a  female,  known  not  to  he  barren,  has  been  tmsuccessfully 
paired  seven  or  eight  times  with  the  same  male  likewise  known  to  be 
perfectly  fertile.  With  cart-mares,  which  sometimes  will  not  breed 
with  stallions  of  pure  blood,  but  subsequently  have  bred  with  cart- 
stallions,  Mr.  Spooner  is  inclined  to  attribute  the  failure  to  the  lesser 
sexual  power  of  the  race-horse.  But  I  have  heard  from  the  greatest 
breeder  of  race-horses  at  the  present  day,  through  Mr.  Waring,  that 
"  it  frequently  occurs  with  a  mare  to  be  put  several  times  luring 
"  one  or  two  seasons  to  a  particular  stallion  of  acknowledged  power, 
"  and  yet  prove  bari-en ;  the  mare  afterwards  breeding  at  once  with 
"  some  other  horse."  These  facts  are  worth  recording,  as  they  show, 
like  so  many  previous  facts,  on  what  slight  constitutional  diiSerences 
the  fertility  of  an  animal  often  depends. 

Sterility  of  Plants  from  changed  Conditions  of  Life,  and  from 

other  causes. 

In  the  vegetable  kingdom  cases  of  sterility  frequently 
occur,  analogous  with  those  i)reviou6ly  ^iven  in  the  animal 
kingdom.  But  the  subject  is  obscured  by  several  circum- 
stances, presently  lo  be  discussed,  namely,  the  coutabesoenco 
of  the  anthers,  as  Gai*tner  has  named  a  certain  affection — 
monstrosities  -  doubknessof  the  flower— much-enlarged  frait 
— ^and  long-continued  or  excessive  propagation  by  buds. 

It  is  notorious  tba^  niany  plants  in  our  gardens  and  hot-houses, 
though  preserved  iu  tlie  most  perfect  healih,  rarely  or  never  pro- 
duce seed.  I  do  not  allude  to  plnnts  which  run  to  leaves,  fi-om 
being  kept  too  damp,  or  too  warm,  or  too  much  manured;  for 
these  do  not  flower,  and  the  case  may  be  wholly  different.  Nor  do 
I  allude  lo  fruit  not  ripening  fro.n  want  of  heat  or  rotting  from  too 
much  moisture.  But  many  exotic  plants,  with  their  ovules  and 
pollen  appearing  perfectly  sound,  will  not  set  any  seed.  The 
sterility  in  many  cases,  as  I  know  from  my  own  observation,  is 
simply  due  to  the  absence  of  the  proper  inpocts  for  carrying  the 
pollen  to  the  stigma.    But  after  excluding  the  several  cases  just 

"  For  pigeons,  tee  Dr.  Chaimi*,  *  Le  Pigeon  Voyagcuv  Beige,*  1865,  ^.  66. 
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specified,  there  are  many  plants  in  which  the  reproductive  system 
has  been  seriously  afifocted  by  the  altered  conditions  of  life  to 
which  they  haye  been  subjected. 

It  would  be  tedious  to  enter  on  many  details.  Linnsus  long 
ago  obserred^*  that  Alpine  plants,  although  naturally  loaded  with 
seed,  produce  either  few  or  none  when  cultivated  in  gardens.  But 
exceptions  often  occur:  the  Draha  sylvwtrts,  one  of  our  must 
thoroughly  Alpine  plants,  multiplies  itself  by  seed  in  Mr.  H.  C. 
Watson's  garden,  near  London ;  and  Eemer,  who  has  particularly 
attended  to  the  cultivation  of  Alpine  plants,  found  tnat  various 
kinds,  when  cultivated,  spontaneously  sowed  themselves.'^*  Many 
plants  which  naturally  grow  in  peat-earth  are  entirely  sterile  in  our 
gardens.  I  have  noticed  the  some  fact  with  several  liliaceous  plants, 
which  nevertheless  gi*ew  vigorously. 

Too  much  manure  renders  some  kinds  utterly  sterile,  as  I  have 
myself  observed.  The  tendency  to  sterility  from  this  cause  runs 
in  families ;  thus,  according  to  Gartner,^  it  is  hardly  possible  to 
give  too  much  manure  to  most  Gramineie,  CrucifersB,  and  Legu- 
minosse,  whiidc  succulent  and  bulbous-rooted  plants  are  easily 
affected.  Extreme  poverty  of  soil  is  less  apt  to  induce  sterility ; 
but  dwarfed  plants  of  TrifoUuni  minw  ana  repens^  growing  on  a 
lawn  odea  mown  and  never  manured,  were  found  by  me  not  to 
produce  any  seed.  The  temperature  of  the  soil,  and  the  season  at 
which  plants  are  watered,  often  have  a  marked  effect  on  their 
fertility,  as  was  observed  by  Kolreuter  in  the  case  of  Mirabilis." 
Mr.  Scott,  in  the  Botanic  Gardens  of  Edinburgh,  observed  that 
nttcuiium  divaricatum  would  not  set  seed  when  grown  in  a  basket 
in  which  it  throve,  but  was  capable  of  fertilisation  in  a  pot  where 
it  was  a  little  damper.  Pelargonium  fvUgidum,  for  many  years  after 
its  introduction,  seeded  freely;. it  then  became  sterile;  now  it  is 
fertile  "*  if  kept  in  a  dry  stove  during  the  winter.  Other  varieties 
of  pelargonium  are  sterile  and  others  fertile  without  our  being  able 
to  assign  any  cause.  Very  slight  changes  in  the  position  of  a  plant, 
whether  planted  on  a  bank  or  at  its  base,  sometimes  make  all  the 
difference  in  its  producing  seed.  Temperature  apparently  has  a 
much  more  powerful  influence  on  the  fertility  of  plants  than  on 
that  of  animals.  Nevertheless  it  is  wonderful  what  changes  some 
few  plants  will  withstand  with  undiminished  fertility:  thus  the 
Xejthf^anthes  Candida,  a  native  of  the  moderately  warm  banks  of  the 
Fiata,  sows  itself  in  the  hot  drv  country  near  Lima,  and  in  Yorkshire 


'•  <  Swedish  Acts,'   toI.    L,  1739,  Chronicle,'  1848,  pp.  253,  268,  and 

p.  3.     Pallas  makes  the  same  remark  mentions  a  few  which  seed, 
in  his  *  TraveL '  (£ng.  translat.),  toi.  i.  "*  '  Bettriitre    zur    Kenntniss    der 

p.  292.  Befrnchtung,^  1844,  s.  333. 

»•  A.  Kerner,  *Die  Cultop  der  Al-  •»  *Nova  AcU  Petrop.,'  1793,  p 

p«npflanzen,' 1864,  s.  139;    WaUon's  391. 

«Cybele  Britannica,'  yol.  i.  p.  131;  **  <  Cottage  Gardener,'   1S5G,   pp. 

Mr.  D.  Cameron,  also,  has  writt4*n  on  44,  109. 
the  culture  of  Alpine  plants  m  '  Ciurd. 
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rnsiBts  the  soTerefit  frosts,  and  I  have  seen  seeds  gathered  from  pods 
which  had  tieen  oovered  with  snow  during  three  weeks."  Berberis 
wcdlichii,  from  the  hot  Khasia  range  in  India,  is  nniigmnod  by  our 
sharpest  frosts,  and  ripens  its  fruit  under  om  cool  summers. 
NeTerthelcss,  I  presume  we  must  attribute  to  chan^  of  climate  the 
sterility  of  many  foreign  plants ;  thus,  the  Persian  and  Chinese 
lilacs  (Syringa  pernca  and  ehinenaia),  though  perfectly  hardy 
here,  never  produce  a  seed ;  the  common  lilac  (8.  vufgaru)  seeds 
with  us  moderately  well,  but  in  parts  of  Germany  the  capsules 
neyer  contain  seed.**  Some  few  of  the  cases,  given  in  the  last 
chapter,  of  self-impotent  plants,  might  have  been  here  introduced, 
as  their  state  seems  due  to  the  conditions  to  which  they  hare  been 
su^'ected. 

The  liability  of  plants  to  be  affected  in  their  fertility  by  slightly 
changed  conditions  is  the  more  remarkable,  as  the  pollen  when 
once  in  process  of  formation  is  not  easily  injured ;  a  plant  may  be 
transplanted,  or  a  branch  with  flower-buds  be  cut  off  and  placed  in 
water,  and  the  pollen  will  be  matured.  Pollen,  alw>,  when 
once  mature,  may  be  kept  for  weeks  or  even  months."  The  female 
organs  are  more  sensitive,  for  Gartner  "  found  that  dicotyledonous 
plants,  when  carefully  removed  so  that  they  did  not  in  the  least 
flag,  could  seldom  be  fertilised ;  this  occurred  even  with  potted 
plants  if  the  roots  had  grown  out  of  the  hole  at  the  bottom.  In 
some  few  cases,  however,  as  with  Digitalis,  transplantation  did  not 
prevent  fertilisation;  and  according  to  the  testimony  of  Mawz, 
Branica  rapa,  when  pulled  up  by  its  roots  and  placed  in  water, 
ripened  its  seed.  Flower-stems  of  several  monocotyledonous  plimts 
when  cut  off  and  placed  in  water  likewise  produce  seed.  But  in 
these  cases  I  presume  that  the  flowers  had  been  already  fertihsed, 
for  Herbert "  found  with  the  Crocus  that  the  plants  might  be  re- 
moved or  mutilated  after  the  act  of  fertilisation,  and  would  still 
perfect  their  seeds;  but  that, if  transplanted  before  being  fertilised, 
the  applicatioB  of  pollen  was  powerless. 

Plants  which  have  been  long  cultivated  can  generally  endure 
with  undiminished  fertility  various  and  great  changes ;  but  not  in 
most  cases  so  great  a  change  of  climate  as  domesticated  animals. 
It  is  remarkable  that  many  plants  under  these  circumstances  are 
so  much  affected  that  the  proportion  and  the  nature  of  their  che- 
mical ingredients  are  modified,  yet  their  fertility  is  unimpaired. 
Thus,  as  Dr.  Falconer  informs  me,  there  is  a  great  difference  in  the 
character  of  the  fibre  in  hemp,  in  the  quantity  of  oil  in  the  seed  of 


•*  Dr.  Herbert,    <  Amtryllkbces,*  *  U  VariabiliM  das  Esptett,'  1868,  p. 

p.  176.  155. 

**  G&rtiier,  *  Beitiuge  znr  Kennt-  **  '  Beitrage  mr  Kenntniae,'  kc.,  s. 

Hiss/  &c.,  8.  560,  564.  252,  333. 

■*  <  Gardener's  Chronicle,'  1844,  p.  *'  *  Journal  of  Hort.  Soc,'  vol.  u., 

215;  1850,  p.  470.     Faivre  giyes  a  1847,  p.  83. 
A^Qod  r^om^  on  this  subject  in  hit 
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the  LintuD,  in  the  proportion  of  narcotin  to  morphine  in  the  poppy, 
in  gluten  to  starch  in  wheat,  when  these  plants  are  oultivatea  on 
the  plains  and  on  the  mountains  of  India ;  nevertheless,  they  all 
remain  fully  fertile. 

Contdbeacence. — Gartner  has  designated  hy  this  term  a  peculiar 
condition  of  the  anthers  in  certain  plants,  in  which  they  are  shri- 
velled, or  become  brown  and  tough,  and  contain  no  good  pollen. 
When  in  this  state  they  exactly  resemble  the  anthers  of  the  most 
sterile  hybrids.  Gartner,"^  in  his  discussion  on  this  subject,  has 
shown  tluit  plants  of  many  orders  are  occasionally  thus  affected ; 
but  the  GaryophyllaceiB  and  LiliacesB  suffer  most,  and  to  these 
orders,  I  think,  the  EricacesB  may  be  added.  Contabescence  varies 
in  degree,  but  on  the  same  plant  all  the  flowers  are  generally  affected 
to  nearly  the  same  extent.  The  anthers  are  affect^  at  a  very  early 
period  in  the  flower-bud,  and  remain  in  the  same  state  (with  one 
recorded  exception)  during  the  life  of  the  plant.  The  affection 
cannot  be  cured  by  any  change  of  treatment,  and  is  propagated  by 
layers,  cuttings,  &c.,  and  perhaps  even  by  seed.  In  contabescent 
planta  the  female  organs  are  seldom  affected,  or  merely  become 
precocious  in  their  development.  The  cause  of  this  affection  is 
doubtful,  and  is  different  in  different  cases.  Until  I  read  Gartner's 
discussion  I  attributed  it,  as  apparently  did  Herbert,  to  the  un- 
natural treatment  of  the  plants ;  but  its  permanence  under  changed 
conditions,  and  the  female  organs  not  being  affected,  seem  incom- 
patible with  this  view.  The  fact  of  several  endemic  plants  be- 
coming contabescent  in  our  gardens  seems,  at  first  sight,  equally 
incompatible  with  this  view;  but  Eolreuter  believes  that  this  is 
the  result  of  their  transplantation.  The  contabescent  plants  of 
Dianthus  and  Yerbascum,  found  wild  by  Wiegmann,  grew  on  a 
dry  and  sterile  bank.  The  fact  that  exotic  plants  are  eminently 
liable  to  this  affection  also  seems  to  show  that  it  is  in  some  manner 
caused  by  their  unnatural  treatment.  In  some  instances,  as  with 
Silene,  GMirtner's  view  seems  the  most  pn)b(R)le,  namely,  that  it  is 
caused  bv  an  inherent  tendency  in  the  species  to  become  dioBdous. 
I  can  add  another  cause,  namely,  the  illegitimate  unions  of  hetero- 
styled  plants,  for  I  have  observed  seedlings  of  three  species  of 
Primula  and  of  Lyfhrum  talicaria,  which  had  been  raised  from 
plants  illegitimately  fertilised  by  their  own-form  pollen,  with  some 
or  all  their  anthers  in  a  contabescent  state.  There  is  perhaps  an 
additional  cause,  namely,  self-fertilisation;  for  many  plants  of 
Dianthus  and  Lobelia,  which  had  been  raised  from  self-fertilised 
seeds,  had  their  anthers  in  this  state ;  but  these  instances  are  not 
conclusive,  as  both  genera  are  liable  from  other  causes  to  this 
affection. 

Cases  of  an  opposite  nature  likewise  occur,  namely,  plants  with 


**  *  Mtrit^e  lur  KenntDiss/  &&,  s.  setzung,'  g.  57.  Herbert, '  Aroaryi ti- 
ll? tfi  teq. ;  Kolrenier,  *Zweite  Fori-  dace«/  p.  35'>.  WieraMinii,  '  (Jebei 
fetxunj;/  s.   IC,  121 ;   'Dritte  Fort-      die  Bsstarderzeuguog,  s.  27. 


150 


8TERILITT. 


Or4f.  XVJIL 


t]ie  female  organs  struck  \rith  sterility,  whilst  the  male  organs 
i-emain  perfect.  Dianthwt  jajtmicusy  a  Faesiflora,  and  Nicotiana, 
Imye  been  described  by  Gartner** as  being  in  this  unusual  con- 
dition. 

Mon9fro$*tie8  as  a  cause  of  sterUtty.^-^re&i  deyiations  of  structure, 
even  when  the  reproductiye  organs  themselyes  arc  not  seriously 
affected,  sometimes  cause  plants  to  beocmio  sterile.  But  in  other 
cases  plants  may  become  monstrous  to  an  extreme  degree  and  yet 
retain  their  full  fertility.  C^Ilesio,  who  certainly  had  great  ex- 
))erience,'^  often  attributes  sterility  to  this  cause;  but  it  mav  be 
suspected  that  in  some  of  his  cases  sterility  was  the  cause,  and  not 
the  result,  of  the  monstrous  growths.  The  curious  St.  Valery  apple, 
although  it  bears  fruit,  rarely  produces  seed.  The  wonderfully 
anomalous  flowers  of  Begonia  friyid  t,  formerly  described,  though, 
they  appear  fit  for  friictlfication,  are  sterile.*'  Species  of  Primul  i 
in  which  the  calyx  is  brightly  coloured  are  said**  to  be  often  sterile, 
though  I  have  known  them  to  be  fertile.  On  the  other  hand, 
Verlot  giyes  several  cases  of  proliferous  flowers  which  can  be  pro- 
pagated by  seed.  This  was  the  case  with  a  poppy,  which  had 
become  monopetalous  by  the  union  of  its  petals."  Another  extra- 
ordinary poppy,  with  the  stamens  replaced  by  numerous  small 
supplementary  capsules,  likewise  reproduces  itself  by  seed.  This 
has  also  occurred  with  a  plant  of  Saxi/raga  geum,  in  which  a  series 
of  adventitious  carpels,  bearing  ovuJes  on  their  margins,  had  been 
developed  between  the  stamens  and  the  normal  carpels.^  Lastly, 
with  respect  to  peloric  flowers,  which  depart  wonderfully  from  the 
natural  structure, — those  of  Linatia  vulgans  seem  generally  to  lie 
more  or  less  sterile,  whilst  those  before  described  of  Antirrhinura 
majm,  when  artificially  fertilised  with  their  own  pollen,  are 
perfectly  fertile,  though  sterile  when  left  to  themselves,  for  bees  are 
unable  to  crawl  int^  the  narrow  tubular  flower.  The  peloric 
flowers  of  Corydah's  soitda,  according  to  Grodron,*^  are  sometimes 
barren  and  sometimes  fertile;  whilst  those  of  Gloxinia  are  well 
known  to  yield  plenty  of  seed.  In  our  greenhouse  Pelargoniums, 
the  central  flower  of  the  truss  is  often  peloric,  and  Mr.  Masters 
informs  me  that  he  tried  in  vain  during  several  years  to  get  seed 
from  these  flowers.  I  likewise  made  many  vain  attempts,  but  some- 
times succeeded  in  fertilising  them  with  pollen  from  a  normal 


*'  *  Bastarderieogung,'  s.  356. 

**  'Teoria  della  Kiproduzione,' 
1816,  p.  8i ;  *  TraiU  du  Citnu,'  1811, 
p.  67. 

•»  Mr.  C.  W.  Crocker,  in  «0»rd. 
Chronicle,*  1861,  p.  1092. 

"  Verlot,  *Des  VarUWs,'  1865, 
p.  80. 

»»  Verlot,  ibid.,  p.  88. 

•*  Prof.  Allman,  Brit.  Aasoc., 
quoted  in  the  *  Phytologist,'  vol.  ii. 


p.  483.  Prof.  Hanrey,  on  the  autho- 
rity of  Mr.  Andrews,  who  discovcr»?d 
the  plant,  informed  me  that  thii 
monsttrosity  could  be  propagated  by 
seed.  With  respect  to  the  lM>ppy,  see 
Prof.  Goeppert,  as  quoted  in  *  Jourua' 
of  Horticulture,'  July  Ist,  1863,  p. 
171.       . 

"  «Corapte8    Rendts,'  Dm.  19tk- 
1864,  p.  1039. 
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ilower  of  another  variety ;  and  oonTersely  I  several  times  fertilic^ed 
ordinary  flowers  with  pelorio  pollen.  Only  once  I  succeeded  in 
raising  a  plant  from  a  peloric  flower  fertilised  by  pollen  from  a 
peloric  flower  borne  by  another  variety  ;  bat  the  plant,  it  may  be 
added,  presented  nothing  particular  in  its  structure.  Hence  wo 
may  conclude  that  no  general  rule  can  be  laid  down ;  but  ariy 
great  deviation  from  the  normal  structure,  even  when  the  repro- 
ductive organs  themselves  are  not  seriously  affected,  certainly  often 
leads  to  sexual  impotence. 

Vauhle  Flowers, — When  the  stamens  are  converted  into  petals, 
the  plant  becomes  on  the  male  sidt5  sterile;  when  both  stamens 
and  pistils  are  thus  changed,  the  plant  becomes  completely  Imrren. 
Symmetrical  flowers  having  numerous  stamens  and  petals  are  the 
most  liable  to  become  double,  as  perhaps  follows  from  all  multiple 
organs  being  the  most  subject  to  variability.  But  flowers  furnished 
with  only  a  few  stamens,  and  others  which  are  asym metrical  in 
structure,  sometimes  become  double,  as  we  see  with  the  double 
gorse  or  Ulex,  and  Antirrhinum.  The  Compositie  liear  what  are 
called  double  flowers  by  the  abnormal  development  of  the  corolla  of 
their  central  florets.  Boubleness  is  sometimes  connected  with 
proliflcation,**  or  the  continued  growth  of  the  axis  of  the  flower. 
I)oublene88  is  strongly  inherited.  No  one  has  produced,  as  Lindley 
remarks,*'  double  flowers  by  promoting  the  perfect  health  of  the 
plant.  On  tiie  contrary,  unnatural  conditions  of  life  favour  their 
production.  There  is  some  reason  to  believe  that  seeds  kept  during 
many  years,  and  seeds  believed  to  be  imperfectly  fertilised,  yield 
double  flowers  more  freely  than  fresh  and  perfectly  fertilised  seed.^ 
Long-continued  cultivation  in  rich  soil  seems  to  be  the  commonest 
exciting  cause.  A  double  narcissus  and  a  double  Anthtmis  vobilis, 
transplanted  into  very  poor  soil,  has  been  observed  to  become 
single;^  and  I  have  seen  a  completely  double  white  primrose 
rendered  permanently  single  by  being  divided  and  transplanted 
whilst  in  full  flower.  It  has  been  observed  by  ProfoFSor  £.  Morren 
that  doubleness  of  the  flowers  and  variegation  of  the  leaves  aro 
antagonistic  states ;  but  so  many  exceptions  to  the  rrle  have  lately 
been  recorded,'^  that,  though  general,  it  cannot  be  looked  at  as 
invariable.  Variegation  seems  generally  to  result  from  a  feeble  or 
atrophied  condition  of  the  plant,  and  a  large  proportion  of  the 
seedlings  raised  from  parents,  if  both  are  variegatea,  usually  perish  at 
an  early  age ;  hence  we  may  perhaps  infer  that  doubleness,  which  is 


**  *  Gardener's  Chronicle,'  1866,  p.  can  Joum.  cf  Science,'  toL  xziii.  p. 

681.  47 ;  and  Verlot,  <  Dts  ^ari^t^'  1865, 

»'  *  Theory  of  Horticulture/  p.  333.  p.  84. 

**  Mr.  Fairweather,  in  *  Transact.  **  Lindley's   '  Theory  of  Horticul« 

Hort.   Soc.,'  vol.  iii.  p.  406 :    Bosse,  lore,*  p.  3  ^3. 

quoted    by  Bronn,   *Ge«chichte  der  ***  *  Gardener's  Chronicle,' 1 805,  p. 

Natur,'  B.  ii.  s.  77.     On  the  effects  of  G20 ;  1860,  pp.  290,  730 ;  and  Verlot, 

the  removal  of  tho  anthers,  gee  Mr.  *  Des  Vari^t^,'  p.  75. 
Leitner,  in  Silliman's  *  North  Ameri- 
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tne  antagonistic  state,  commonly  arises  from  a  plethoric  condition. 
f)n  the  other  hand,  extremely  poor  soil  sometimes,  thongh  rarely, 
appears  to  cause  doubleness :  I  formerly  described  '^  some  completely 
double,  bud-like,  flowers  produced  in  large  numbers  by  stunted 
•^ild  plants  of  Gentiana  amarelJa  growing  on  a  poor  chalky  bank.  1 
have  also  noticed  a  distinct  tendency  to  doubleness  in  the  flowers  of 
a  Ranunculus,  Horse-chestnut,  and  Bladder-nut  {Ranuncultu  repen^ 
/fJsctilus  pavia,  and  Staphylea),  growing  under  yery  unfayourable 
conditions.  Professor  Lehmann  ^^  found  several  wild  plants  growing 
near  a  hot  spring  with  double  flowers.  With  respect  to  the  cause  of 
doubleness,  which  arises,  as  we  see,  under  widely  different  circum- 
stances,  I  shall  presently  attempt  to  show  that  the  most  probable 
view  is  that  unnatural  conditions  first  give  a  tendency  to  sterility, 
and  that  then,  on  the  principle  of  compensation,  as  the  reproductive 
organs  do  not  perform  their  proper  functions,  they  either  become 
developed  into  petals,  or  aaditional  petals  are  formed.  Tliis 
view  has  lately  been  supported  by  Mr.  Laxton,^^  who  advances  the 
case  of  some  common  p^ts,  which,  after  long-continued  heavy  rain, 
flowered  a  second  time,  and  produced  double  flowers. 

Seedleiss  i?Vtti7.— Many  of  our  most  valuable  fruits,  althougli  con- 
sisting in  a  homological  sense  of  wiiely  different  organs,  are  cither 
quite  sterile,  or  produce  extremely  few  seeds.  This  is  notoriously 
the  case  with  our  best  pears,  grapes,  and  figs,  with  the  pine-apple, 
banana,  bread-fruit,  pomegranate,  azarole,  date-palms,  and  some 
members  of  the  orange-tribe.  Poorer  varieties  of  tbese  same  fruits 
either  habitually  or  occasionally  yitrld  seed.*"  Most  horticulturists 
look  at  the  great  size  and  anomalous  development  of  the  fruit  as  the 
cause,  and  sterility  as  the  result;  but  the  opposite  view,  as  we  shall 
presently  see,  is  more  probable. 

Sterility  from  the  excessive  development  of  the  organs  of  Growth  or 
Vegetation. — Plants  which  from  any  cause  grow  too  luxuriantly,  and 
produce  leaves,  stems,  runners,  suckers,  tubers,  bulbs,  <!kc.,in  excess, 
sometimes  do  not  flower,  or  if  they  flower  do  not  yield  seed.  To 
make  European  vegetables  under  the  hot  climate  of  India  yield 
seed,  it  is  necessary  to  check  their  growth ;  and,  when  one-third 
grown,  they  are  taken  up,  and  their  stems  and  tap-roots  are  cut  or 


'•'  *  Gardener's  CiroBicle,' 1843,  p. 
628.  In  this  article  I  suggested  the 
theory  above  given  on  the  doubleness 
of  flowers.  This  view  is  adopted  by 
<Jarri6re,  *  Prodaction  et  Fix.  des 
Vai^tes,'  18tj5,  p.  67. 

'•■  Quoted  by  Gartner,  *  Bastarder- 
sengung/  s.  567. 

'•»  *  Gardener's  Chronicle,'  1886,  p. 
£01. 

"  »•*  Lindley,  'Theory  of  Horticul- 
ture,* pp.  175-179;  Godron,  *  De  I'lis- 
p^ce,'  turn.    it.   p.    lOU ;    Pickering, 


'Races  of  Man;'  Gallesio,  'Teoria 
della  Riproduzione,'  181 6,  pp.lOl-1 10. 
Meyen  (*Reise  um  Erde,'  Th.  ii.  s. 
214)  states  that  at  Manilla  one 
variety  of  the  banana  is  full  of  seeds : 
and  Chamisso  (Hooker's  *Bot.  Misc.,' 
vol.  i.  p.  310)  describes  a  variety  of 
the  bread-fruit  in  the  Mariana  Islands 
with  small  fruit,  containing  seeds 
which  are  frequently  perfect.  Burnes. 
in  hi.H  *  Travels  in  Bokhara,'  remarki 
on  the  pomegranate  see  ling  in  Mazen* 
<^er)>n,  as  a  remarkable  peculiarity. 
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mutilated.*"  So  it  is  with  hybrids ;  for  instance,  Prof.  Lecoq  **  had 
throe  plants  of  Mirabilis,  which,  though  they  grew  luxuriantly  and 
flowered,  were  quite  sterile ;  but  after  beating  one  with  a  stick  nntil 
a  few  branches  alone  were  left,  these  at  once  vielded  good  seed.  The 
sugar-cane,  which  grows  vigorously  and  produces  a  large  supply  of 
succulent  stems,  never,  according  to  various  observers,  bears  seed  in 
the  West  Indies,  Malaga,  India,  Cochin  China,  Mauritius,  or  the 
Malay  Arehipelago.*^  Plants  which  produce  a  large  number  of 
tubers  are  apt  to  be  sterile,  as  occurs,  to  a  certain  extent,  with  the 
common  pototo;  and  Mr.  Fortune  informs  me  that  the  sweet 
potato  {Convolvuiui  hatutaa)  in  China  never,  as  fiur  as  he  has  seen, 
yields  seed.  Dr.  Boyle  remarks '"  that  in  India  the  Agave  vivipara, 
when  grown  in  rich  soil,  invariably  produces  bulbs,  but  no  seeds ; 
whilst  a  poor  soil  and  dry  climate  lead  to  an  opposite  result  lu 
China,  according  to  Mr.  Fortune,  an  extraordinary  number  of  little 
bulbs  are  developed  in  the  axils  of  the  leaves  of  the  yam,  and  this 

Slant  does  not  bear  seed.  Whether  in  these  cases,  as  in  those  of 
oublo  flowers  and  seedless  fruit,  sexual  sterility  from  changed 
conditions  of  life  is  the  primary  cause  which  leads  to  the  excessive 
devi^lopment  of  the  organs  of  vegetation,  is  doubtful ;  though  some 
evidence  might  be  advanced  in  favour  of  this  view.  It  is  perhaps  a 
more  probable  view  that  plants  which  propagate  themselves  largely 
by  one  method,  namely  by  buds,  have  not  sufficient  vital  power  or 
organised  matter  for  the  other  method  of  sexual  generation. 

Several  distinguished  botanists  and  good  practical  judges  believe 
that  long-continued  propagation  by  cuttings,  runners,  tubers,  bulbs, 
Ac,  independently  of  any  excessive  development  of  these  parts,  is 
the  cause  of  many  plants  failing  to  produce  flowers,  or  producing 
only  barren  flowers, — ^it  is  as  if  they  had  lost  the  habit  of  sexual 
generation.*^'  That  many  plants  when  thus  propagated  are  sterile 
there  can  be  no  doubt,  but  as  to  whether  the  long  continuance  of  this 
form  of  propagation  is  the  actual  cause  of  their  sterility,  I  will  not 
venture,  from  the  want  of  sufficient  evidence,  to  express  an  opinion. 
That  plants  may  be  propagated  for  long  periods  by  buds,  without 
the  aid  of  sexual  generation,  we  may  safely  infer  from  this  being  the 
case  with  many  plants  which  must  have  long  survived  in  a  state  of 
nature.  As  I  have  had  occasion  before  to  allude  to  this  subject,  I 
will  here  give  such  cases  as  I  have  collected.    Many  alpine  plants 


"•*  Ingledew,  in  *  Transact,  of  Agri- 
cult,  and  Hort.  Soc  of  India,'  toI.  ii. 

'••  *De  la  F^odation,'  1862,  p. 
308. 

>•'  Hooker's  *  Bot.  Miac.,'  vol.  i.  p. 
90;  Oallesio,  *Teoria  della  Ripro- 
dazione,'  p.  1 1 0.  Dr.  J.  de  Cordemoy, 
in  *  Transact,  of  the  R.  Soc.  of  Mauri- 
tins'  (new  series),  rol.  ri.  1878,  pp. 
60-67,  gives  a  I'^i  ge  number  of  oases 
of  plants  which  never  seed,  including 


several  species  indigf  nous  in  Mauri- 
tius. 

»••  *  Transact.  Linn.  Soc.,'  vol.  xvii. 
p.  563. 

»••  Godron,  «De  TEspkce,'  torn.  ii. 
p.  106 ;  Herbert  on  Crocus,  in  *  Jour 
nal  of  Hort.  Soc,'  vol.  i.,  18^6,  p. 
254:  Dr.  Wight,  from  what  he  has 
seen  in  India,  believes  in  this  view ; 
'  Madras  Journal  of  Lit.  and  Scienoi^ 
vol  iv.,  1836,  p.  61. 
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iflcond  mountains  beyond  the  height  at  which  they  can  produce 
seod.'^®  Certain  Bpecies  of  Poa  and  Festuca,  when  growing  on 
mountain-pastnres,  propagate  themselven,  as  I  hear  from  Mr. 
Bontham,  almost  ezclnsiTely  by  bnlblets.  Eahn  gives  a  more  cnrious 
instance  ^^^  of  seyeral  American  trees,  which  grow  so  plentifully  in 
marshes  or  in  thick  woods,  that  they  are  certainly  well  adapted  for 
these  stations,  yet  scarcely  ever  produce  seeds ;  but  when  acciden- 
tally growing  on  the  outside  of  the  marsh  or  wood,  are  loaded  with 
seed.  The  common  ivy  is  found  in  Northern  Sweden  and  Russia, 
but  flowers  and  fruits  only  in  the  southern  proTinces.  The  Acortu 
calamus  extends  over  a  large  portion  of  the  globe,  but  so  rarely 
perfects  fruit  that  this  has  been  seen  only  by  a  few  botanists; 
according  to  Caspary,  all  its  pollen-grains  are  in  a  worthless  condi- 
tion."* The  Hypericum  ccUycinum,  which  propagates  itself  so  freely 
in  our  shrubberies  by  rhizomes,  and  is  naturalised  in  Ireland, 
blossoms  profusely,  but  rarely  sets  any  seed,  and  this  only  during 
certain  years ;  nor  did  it  set  any  when  fei-tilised  in  my  garden  by 
pollen  from  plants  growing  at  a  distance.  The  Lysimacfiia  nummu' 
lari  I,  which  is  furnished  with  long  runners,  so  seldom  produces 
seed-capsules,  that  Prof.  Decaisne,^^  who  has  especially  attended  to 
this  plant,  has  never  seen  it  in  fruit.  The  Carex  rtgvla  often  fails 
to  perfect  its  seed  in  Scotland,  Lapland,  Greenland,  Germany,  and 
New  Hampshire  in  the  United  States."^  The  periwinkle  (i'inca 
minor),  which  spreads  largely  by  runners,  is  said  scarcely  ever  to 
produce  fruit  in  England ;  "^  but  this  plant  requires  insect-aid  for 
its  fertilisation,  and  the  proper  insects  may  be  absent  or  rare.  The 
JussicBt  gmndiflora  has  become  naturalised  in  Southern  France,  and 
has  spread  by  its  rhizomes  so  extensively  as  to  impede  the  naviga- 
tion of  the  waters,  but  never  produces  fertile  seed."^  The  horse- 
radish {f'ochleiiria  armoracut)  spreads  pertinaciously  and  is  natural- 
ised in  various  parts  of  Europe;  though  it  bears  flowers,  these 
rarely  produce  capsules :  Professor  Caspary  informs  me  that  he  has 
watchecl  this  plant  since  1851,  but  has  never  seen  its  fruit;  65  per 
cent,  of  its  pollen-grains  are  bad.  The  common  Batiunculus  ficaria 
rarely  bears  seed  in  England,  France,  or  Switzerland ;  but  in  1868 
I  observed  seeds  on  several  plants  growing  near  my  house."^  Other 


"*  Wahlenberg  specifies  eight 
sjjecies  ia  this  state  on  the  Lapland 
Alps :  aee  Appendix  to  Linn«as'  *  Tour 
in  Lapland,'  translated  by  Sir  J.  £. 
Smith,  vol.  ii.  pp.  274-280. 

"*  'Travels  in  North  America,' 
Eng.  translat.,  vol.  iii.  p.  175. 

"'  With  Fespect  to  the  ivy  and 
A  corns,  tee  Dr.  Brom field  in  the '  Phy- 
tologtst,'  vol.  iii.  p.  376.  Also  Lind- 
ley  and  Vancher  on  the  Accrue,  and 
tee  Caspary  as  below. 

"*  *Annal.des  So.  Nat./ 3rd  series, 


ZooL,  torn.  iv.  p.  280.  Prof.  Decaif  nt 
refers  also  to  analogous  cases  with 
mosses  and  lichens  near  Paris. 

"*  Mr.  Tuckermann,  in  Silliman's 
'American  Journal  of  Science/  vol. 
xlv.  p.  1. 

»*  Sir  J.  E.  Smith,  *  Englbh  Flora,' 
vol.  i.  p.  339. 

"•  G.  Planchon,  *  Flora  do  Mont^ 
pellier,'  1864,  p.  20. 

**'  On  the  non-production  of  seeds 
in  England,  see  Mr.  Crocker,  in  *  Gar* 
dener*s   Weelcly  Magazine,*  1852,  p. 
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cases  analo^QS  with  the  forgoing  oonid  be  giyen;  for  infttanea 
Bomo  kinds  of  mosses  and  lichens  have  never  been  seen  to  fructify  in 
France. 

Some  of  these  endemic  and  naturalised  plants  are  probably 
rendered  sterile  from  ezoessire  multiplication  by  buds,  and  their 
consequent  incapacity  to  produce  and  nourish  seed.  But  the 
sterility  of  others  more  probably  depends  on  the  peculiar  condi- 
tions under  which  they  live,  as  in  the  case  of  the  ivy  ld  the  northcni 
parts  of  Europe,  and  of  the  trees  in  the  swan^ps  of  the  United 
States ;  yet  these  plants  must  be  in  some  respects  eminently  well 
adapteid  for  the  stations  which  they  occupy,  for  they  hold  their 
places  against  a  host  of  competitors. 

Finally,  the  high  degree  of  sterility  which  often  accom- 
panies the  doubling  of  flowers,  or  an  exoessive  development  of 
fruit,  seldom  supervenes  at  once.  An  incipient  tendency  is 
observed,  and  continued  selection  completes  the  result.  The 
view  which  seems  the  most  probable,  and  which  connects 
together  all  the  foregoing  facts  and  brings  them  within  our 
present  subject,  is,  that  changed  and  unnatural  conditions  of 
life  first  give  a  tendency  to  sterility ;  and  in  consequence  of 
this,  the  organs  of  reproduction  being  no  longer  able  fully  to 
perform  their  proper  functions,  a  supply  of  organised  matter, 
not  required  for  the  development  of  the  seed,  flows  either  into 
these  organs  and  renders  them  foliaceous,  or  into  the  fruit, 
stems,  tubers,  <feo.,  increasing  their  size  and  suoculency.  But 
it  is  probable  that  there  exists,  independently  of  any  incipient 
sterility,  an  antagonism  between  the  two  forms  of  repro- 
duction, namely,  by  seed  and  buds,  when  either  is  carried  to 
an  extreme  degree.  That  incipient  sterility  plays  an  impor- 
tant part  in  the  doubling  of  flowers,  and  in  the  other  cases 
just  specified,  I  infer  chiefly  from  the  following  facts.  When 
fertility  is  lost  from  a  wholly  different  cause,  namely,  from 
hybridism,  there  is  a  strong  tendency,  as  Gtirtner^^^  afSrms, 


70;  Vaucher,  'Hist.  Phys.  Plantas 
d'Europe,'  torn.  i.  p.  33 ;  Lecoq,  *  Gr^o- 
graph.  Bot  d'Enrope,'  torn.  iv.  p. 
466;  Dr.  D.  Clos,  in  *Annal.  des  Sc 
Nat.,'  3rd  series,  Bot.,  torn,  xrii., 
1852,  p.  129 :  this  latter  author  refers 
to  other  analogous  cases.  See  more 
especially  en  this  plant,  and  on  other 
allied  cases,  Prof.  Caspary,  **Die  Nu- 


phar,"'  Abhand.  Katnrw.Gesellsch.  s*i 
Halle,'  a  xi.  1870,  p.  40,  78. 

"*  '  Bastarderzeugung,'  s.  565. 
Kolreuter  (Dritte  Fortsetzung,  s. 
73,  87,  119)  also  shows  that  when 
two  species,  one  single  and  the  other 
double,  are  crossed,  the  hybrids  art 
apt  to  be  extremely  double. 
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for  flowers  to  beoome  double,  and  thLs  tendency  is  inherited. 
Moreover,  it  is  notorious  that  with  hybrids  the  male  organs 
beoome  sterile  before  the  female  organs,  and  with  double 
flowers  the  stamens  first  beoome  foliaoeous.  This  latter  faci 
is  well  shown  by  the  male  flowers  of  dioecious  plants,  which, 
according  to  Gallesio,^^'  first  become  double.  Again,  Gart- 
ner "°  often  insists  that  the  flowers  of  even  utterly  sterile 
hybrids,  which  do  not  produce  any  seed,  generally  3rield 
I)erfect  capsules  or  fruit,  -  a  fact  which  has  likewise  been 
repeatedly  observed  by  Naudin  with  the  Cucurbitaceea ;  so 
that  the  production  of  fruit  by  plants  rendered  sterile  through 
any  cause  is  intelligible.  Eolreuter  has  also  expressed  his 
unbounded  astonishment  at  the  size  and  development  of  the 
tubers  in  certain  h3'brids ;  and  all  experimentalists  ^^^  have 
remarked  on  the  strong  tendency  in  hybrids  to  incrense  by 
roots,  runners,  and  suckers.  Seeing  that  hybrid  .plants, 
which  from  their  nature  ai-e  more  or  less  sterile,  thus  tend  to 
produce  double  flowers ;  that  they  have  the  parts  including 
the  seed,  that  is  the  fruit,  perfectly  developed,  even  when 
containing  no  seed;  that  they  sometimes  3'ield  gigantic 
roots ;  that  they  almost  invariably  tend  to  increase  largely  V»y 
suckers  and  other  such  means ; — seeing  this,  and  knowing, 
from  the  many  facts  given  in  the  earlier  parts  of  this  chapter, 
that  almost  all  organic  belongs  when  exposed  to  unnatural 
conditions  tend  to  become  more  or  less  steiile,  it  seems  much 
the  most  probable  view  that  with  cultivated  plants  sterility 
is  the  exciting  cause,  and  double  flowers,  rich  seedless  fruit, 
and  in  some  cases  largely-developed  organs  of  vegetation,  &c., 
are  the  indirect  results — these  residts  having  been  in  most 
cases  largely  increased  through  continued  selection  by  man. 

*'*  'Teoria      d«lla     Riproduzione  ***  '  Bastai'derzeugang,' s.  573. 

Veg./  1S16,  p.  73.  ">  Ibid.,  •.  527. 


Chap.  XIX.      SUMMABT  OF  THE  FOUB  LAST  OUAFTSBS.  157. 


CHAPTEK  XIX. 

VUXXART  OF  THE  FOUR  LA3T  CHAPTSR8,  WITH   RCMARXS   05 

HYBRIDISM. 

ON  THE  SFTIDCTS  OT  CBOOSOIQ — THE  HTFLCENCX  OW  DOIffS8TICATION  OK 
FERTILITY — CL06E  IMTERBRBI>  DIMO— GOOD  AJTD  ETIL  BB»DLTS  FROM 
CHANGED  CONDITIONS  OF  LIFE — ^TABIETm  WHEN  CBOMKD  NOT  IN- 
TABIABLY  FEBTUJB — ON  THE  DIFFKBENCB  IK  FERTIUTY  BETWEEN 
CROSSED  BrECIEfl  AND  TARIETIE8 — OONCLmOKS  WITH  RESPECT  10 
BYbBIDISM — LIGHT  THROWN  ON  HYBBIDISII  BY  THE  ILLEGITIMATE 
FROGENY  OF  HETEROBTYLED  PLANTS — STERILITY  OF  CROSSED  Sl'ECIEa 
DIE  TO  DIFFERENCES  CONFINED  TO  THE  REl^BODtCTlYE  SYSTEM — NOT 
ACCUMULATED  THROUGH  NATURAL  SELECTION — REASONS  WHY  DOMESTIO 
VARIETIES  ARE  NOT  MUTUALLY  STERILE — TOO  MUCH  VTREBB  HAS  BEEN 
LAID  ON  THE  DIFFERENCE  IN  FERTILITY  BETWEEN  CROSSED  SI-ECIES  AND 
CROSSED  YABIETIBB — CONCLUSION. 

It  was  shown  in  the  fifteenth  chapter  that  when  individnals 
of  the  same  variety,  or  even  of  a  distinct  variety,  are  allowed 
freely  to  intercross,  nniformity  of  character  is  ultimately  ac- 
quired. Some  few  characters,  however,  are  incapable  of 
^sion,  but  these  are  nnimportant,  as  they  are  often  of  a 
somi-monstrons  nature,  and  have  suddenly  appeared.  Hence, 
to  preserve  our  domesticated  breeds  true,  or  to  improve  them 
]>y  methodical  selection,  it  is  obviously  necessary  that  they 
should  be  kept  separate.  Nevertheless,  a  whole  body  of 
individuals  may  be  slowly  modified,  through  unconscious 
selection,  as  we  shall  see  in  a  future  chapter,  without  separa- 
ting them  into  distinct  lots.  Domestic  races  have  often  been 
intentionally  modified  by  one  or  two  crosses,  made  with  some 
allied  race,  and  occasionally  even  by  repeated  crosKCS  with 
very  distinct  races ;  but  in  almost  all  such  cases,  long-con- 
tinued and  careful  selection  has  been  absolutely  necessary, 
owing  to  the  excessive  variability  of  the  crossed  ofTbpring, 
due  to  the  principle  of  reversion.  In  a  few  instances,  how- 
ever, mongrels  have  retained  a  uniform  character  from  their 
first  production. 

When  two  varieties  are  allowed  to  cross  freely,  and  one  is 
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much  more  numerous  than  the  other,  the  former  will  ulti* 
mately  absorb  the  latter.  Should  both  varieties  exist  in 
ni^rly  equal  numbers,  it  is  probable  that  a  oonsiderabia 
|)criod  would  elapse  before  the  acquirement  of  a  uniform 
character;  and  the  chai-acter  ultimately  acquired  would 
largely  depend  on  prepotency  of  ti'ansmission  and  on  the  con- 
ditions of  life ;  for  the  nature  of  these  conditions  wonlc' 
generally  favour  one  variety  more  than  another,  so  that  a  kind 
of  natural  selection  would  come  into  play.  Unless  the  crossed 
offspring  were  slaughtered  by  man  without  the  least  discri- 
mination, some  degree  of  unmethodical  selection  would  like- 
wise come  into  action.  From  these  several  considerations 
we  may  infer,  that  when  two  or  more  closely  allied  species 
first  came  into  the  possession  of  the  same  tribe,  their  crossing 
will  not  have  influenced,  in  so  great  a  degree  as  has  often 
been  supposed,  the  character  of  the  offspring  in  future  times ; 
although  in  some  cases  it  probably  has  had  a  considerable 
eflFect. 

Domestication,  as  a  general  rule,  increases  the  prolificness 
of  animals  and  plants.  It  eliminates  the  tendency  to  sterility 
which  ia  common  to  sx)ecies  when  first  taken  from  a  state  of 
nature  and  crossed.  On  this  latter  head  we  have  no  direct 
evidence ;  but  as  our  races  of  dogs,  cattle,  piga,  (&c.,  are  almost 
certainly  descended  from  aboriginally  distinct  stocks,  and  as 
these  races  are  now  fully  fertile  together,  or  at  least  incom- 
p  irab]^'  more  fertile  than  most  species  when  crossed,  we  may 
with  entire  confidence  accept  this  conclusion. 

Abundant  evidence  has  been  given  that  crossing  adds  to 
the  size,  vigour,  and  fertility  of  the  o£&pring.  This  holds 
good  when  there  has  been  no  previous  cIokc  interbreeding. 
It  applies  to  the  individuals  of  the  same  variety  but  belonging 
to  different  families,  to  distinct  varieties,  sub-speciea,  and 
even  to  species.  In  the  latter  case,  though  size  is  gained, 
fertility  is  lost ;  but  the  increased  size,  vigour,  and  hardiness 
of  many  hybrids  cannot  be  accounted  for  solely  on  the 
principle  of  compensation  from  the  inaction  of  the  I'eproduc- 
tive  system.  Certain  plants  whilst  growing  under  their 
natural  conditions,  others  when  cultivated,  and  others  of 
l^ybrid   origin,  are    completely  self-impotent,   though  per- 
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fectly  healthy ;  and  such  pi  ints  can  be  stimulated  to  fertility 
only  by  being  croeaed  with  otlier  individuals  of  the  same  or 
of  a  distinct  species. 

On  the  other  hand,  long-continued  close  interbreeding 
between  the  nearest  relations  diminishes  the  constitutional 
vigour,  size,  and  fertility  of  the  o&pring ;  and  occasionally 
leads  t<»  malformations,  but  not  necessarily  to  general  de- 
terioration of  form  or  structure.  This  failure  of  fertility 
shows  that  the  evil  results  of  interbreeding  are  independent 
of  the  augmentation  of  morbid  tendencies  common  to  both 
parents,  though  this  augmentation  no  doubt  is  often  highly 
injurious.  Our  belief  that  evil  follows  from  close  interbreed- 
ing rests  to  a  ceitain  extent  on  the  exponence  of  practical 
bleeders,  especially  of  those  who  have  reared  many  animals 
Df  quickly  propagating  kinds ;  but  it  likewise  rests  on  several 
oarcfully  recorded  experiments.  With  some  animals  close 
interbreeding  may  be  carried  on  for  a  lung  period  with  im- 
punity by  the  selection  of  the  most  vigorous  and  healthy 
individuals ;  but  sooner  or  later  evil  follows.  The  evil,  how- 
ever, oomcj  on  so  slowly  and  gradually  that  it  easily  escapes 
observation,  but  can  be  recognised  by  the  almost  instantaneous 
manner  in  which  size,  constitutional  vigour,  and  fertility  are 
regained  when  animals  that  have  long  been  interbi'ed  are 
crossed  with  a  distinct  family. 

These  two  great  classes  of  facts,  namely,  the  good  derived 
from  crossing,  and  the  evil  from  close  interbreeding,  with  the 
consideratiiin  of  the  innumerable  adaptations  throughout 
natui'e  for  compelling,  or  favouring,  or  at  least  permitting, 
the  occasional  union  of  distinct  individuals,  taken  together, 
lead  to  the  conclusion  that  it  is  a  law  of  nature  that  organic 
beings  shall  not  fertilise  themselves  for  perpetuity.  This  law 
was  first  plainly  hinted  at  in  1799,  with  respect  to  plants, 
by  Andrew  Knight,^  and,  not  long  afterwards,  that  sagacious 

>  *  Transactions  Phil.  Soc.,'  1799,  observer  failed  to  undersUnd  the  full 
p.  202.  For  Kolrcuter,  see  *  Mem.  de  meaning  of  the  structure  cf  the 
TAcad.  de  St.-Petcrsibourg,'  torn.  iii.  flowers  which  he  has  so  well  de- 
1809  (published  1811),  p.  197.  In  scribei,  from  not  always  having 
readily  C.  K.  Sprengel*s  remarkable  before  his  mind  the  key  to  the  pro- 
work,  'Das  entdeckte  Geheimuiss,'  blem,  namely,  the  good  derived  from 
&c.,  1793,  it  i:i  curiuus  to  observe  the  crossing  of  distinct  individoAl 
how   often    this    wonderfully  acute  ila&tib 
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obserrer  Kolreuter,  after  showing  how  well  tho  Malvacesp 
are  adapted  for  crossing,  asks,  '*an  id  aliquid  in  recossu 
babeat,  quud  hujuscemodi  flores  nunquam  proprio  suo  piiU 
vere,  sed  semper  eo  aliamm  susa  speciei  impregnentur,  merito 
quseritur?  Certe  natura  nil  facit  frustra."  Although  we 
may  demur  to  Kolreuter's  saying  that  nature  does  nothing 
in  vain,  seeing  how  many  rudimentary  and  useless  organs 
there  are,  yet  undoubtedly  the  argument  from  the  innumer- 
able contrivances,  which  favour  crossing,  is  of  the  greatest 
wjight.  The  most  important  result  of  this  law  is  that  it 
leads  to  uniformity  of  character  in  the  individuals  of  tho 
same  species.  In  the  case  of  certain  hermaphrodites,  which 
probably  intercross  only  at  long  intervals  of  time,  and  with 
unisexual  animals  inhabiting  somewhat  separated  localities, 
which  can  only  occasionally  come  into  contact  and  pair,  the 
greater  vigour  and  fertility  of  the  crossed  offspring  will 
ultimately  tend  to  give  uniformity  of  character.  But  when 
we  go  beyond  the  limits  of  the  same  species,  free  intercrossing 
is  barred  by  the  law  of  sterility. 

In  seardiing  for  facts  which  might  throw  light  on  the 
cause  of  the  good  effects  from  crossing,  and  of  the  evil  effects 
from  close  interbreeding,  we  have  seen  that,  on  the  cne  hand, 
it  is  a  widely  prevalent  and  ancient  belief,  that  animals  and 
plants  profit  fi*om  slight  changes  in  their  condition  of  life ; 
and  it  would  appear  that  the  germ,  in  a  somewhat  analogous 
manner,  is  more  effectually  stimulated  by  the  male  element, 
when  taken  from  a  distinct  individual,  and  therefore  slightly 
modified  in  nature,  than  when  taken  from  a  male  having  the 
same  identical  constitution.  On  the  other  hand,  numerous 
facts  have  been  given,  showing  that  when  animals  are  first 
subjected  to  captivity,  even  in  their  native  land,  and  although 
allowed  much  liberty,  their  reproductive  functions  are  often 
g^reatly  impaired  or  quite  annulled.  Some  groups  of  animals 
are  more  affected  than  others,  but  with  apparently  capricious 
exceptions  in  every  group.  Some  animals  never  or  rarely 
couple  under  confinement ;  some  couple  freely,  but  never  or 
rarely  conceive.  The  secondary  male  characters,  the  maternal 
functions  and  instincts,  are  occasionally  affected.  With 
plants,  when  first  subjected  to  cultivation,  analogous  facts 
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hATe  been  obeervecL  We  probably  owe  our  double  flowers, 
rich  seedleBS  fruits,  and  in  some  cases  greatly  developed 
tnbers,  Ac.,  to  incipient  sterility  of  the  above  nature  combined 
with  a  copious  supply  of  nutriment.  Animals  which  have 
long  been  domesticated,  and  plants  which  have  long  been 
cultivated,  can  generally  withstand,  with  unimpaired  fertility, 
great  changes  in  their  conditions  of  life ;  though  both  are 
sometimes  slightly  affected.  With  animals  the  somewhat 
rare  capacity  of  breeding  ireely  under  confinement,  together 
with  their  utility,  mainly  determine  the  kinds  which  have 
been  domesticated. 

We  can  in  no  case  precisely  say  what  is  the  cause  of  the 
diminished  fertility  of  an  animal  when  first  captured,  or  of  a 
plant  when  first  cultivated ;  we  can  only  infer  that  it  is  caused 
by  a  change  of  some  kind  in  the  natural  conditions  of  life. 
The  remarkable  susceptibility  of  the  reproductive  system  to 
such  changes,— a  susceptibility  not  common  to  any  other 
organ, — apparently  has  an  important  bearing  on  Variability, 
as  we  shall  see  in  a  future  chapter. 

It  is  impossible  not  to  be  struck  with  the  double  parallelism 
between  the  two  classes  of  facts  just  alluded  to.  On  the  one 
hand,  slight  changes  in  the  conditions  of  life,  and  crosses 
between  slightly  modified  forms  or  varieties,  are  beneficial  as 
far  as  prolificness  and  constitutional  vigour  are  concerned. 
On  the  other  hand,  changes  in  the  conditions  greater  in  degree, 
or  of  a  different  nature,  and  crosses  between  forms  which 
have  been  slowly  and  greatly  modified  by  natural  means, — 
in  other  words,  between  species, — are  highly  injurious,  as  far 
as  the  reproductive  system  is  concerned,  and  in  some  few 
instances  as  far  as  constitutional  vigour  is  concerned.  Can 
this  parallelism  be  accidental  ?  Does  it  not  rather  indicate 
some  real  bond  of  connection  ?  As  a  fire  goes  out  unless 
it  be  stirred  up,  so  the  vital  forces  are  always  tending, 
according  to  Mr.  Herbert  Spencer,  to  a  state  of  equilibrium, 
unless  disturbed  and  renovated  through  the  action  of  other 
forces. 

In  some  few  cases  varieties  tend  to  keep  distinct,  by  breed* 
ing  at  different  seasons,  by  great  difference  in  size,  or  by 
sexual  preference.     But  the  crossing  of  varieties,  far  from 

▼OL.  u.  M 
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diminishing,  gonerally  adds  to  the  fertility  of  the  first 
union  and  of  the  mongrel  offspring.  Whether  all  the  more 
widely  distinct  domestio  Tarieties  are  invariably  quite  fertile 
when  croflsed,  we  do  not  positiyely  know ;  mnch  time  and 
trouble  would  be  requisite  for  the  necessary  experiments,  and 
many  difficulties  occur,  such  as  the  descent  of  the  yarious 
raoes  from  aboriginally  distinct  species,  and  Ihe  doubts 
whether  certain  forms  ought  to  be  ranked  as  species  or 
varieties.  Nevertheless,  the  wide  experience  of  practical 
breeders  proves  that  the  great  majority  of  varieties,  even  if 
some  should  hereafter  prove  not  to  be  indefinitely  fertile 
inter  m,  are  iar  more  fertile  when  crossed,  than  the  vast 
majority  of  closely  allied  natural  species.  A  few  remarkable 
cases  have,  however,  been  given  on  the  authority  of  excellent 
observers,  showing  tbat  with  plants  certain  forms,  which  un- 
doubtedly must  be  ranked  lis  varieties,  yield  fewer  seeds  when 
crossed  than  is  natural  to  the  parent-species.  Other  varieties 
have  had  their  reproductive  powers  so  far  modified  that  they 
are  either  more  or  less  fertile  than  their  parents,  when  crossed 
with  a  distinct  species. 

Kevertheless,  tlie  fact  remains  indisputable  that  domesti- 
cated varieties,  of  animals  and  of  plants,  which  differ  greatly 
from  one  another  in  structure,  but  which  are  certainly 
desoended  from  the  same  aboriginal  species,  such  as  the  races 
of  the  fowl,  pigeon,  many  vegetables,  and  a  host  of  other 
productions,  ana  extremely  fertile  when  crossed;  and  this 
seems  to  make  a  broad  and  impassable  barrier  between 
domestio  varieties  and  natural  species.  But,  as  I  will  now 
attempt  to  show,  the  distinction  is  not  so  great  and  over- 
whelmingly important  as  it  at  first  appears. 

Oji  the  Difference  in  Fertility  between  Varietiee  and  Spedee  tohen 

crossed. 

This  work  is  not  the  proper  place  for  fully  treating  the 
subject  of  hybridism,  and  I  have  already  given  in  my  *  Origin 
of  Species '  a  moderately  full  abstract.  I  will  here  merely 
enumerate  the  general  conclusions  which  may  be  relied  on, 
and  which  bear  on  our  present  point. 

Firstly,  the  laws  governing  the  proluction  of  hybrids  are 
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identioal,  or  nearly  identical,  in  the  animal  and  vegetaMe 
kingdoms. 

SeetmHtf,  the  sterility  of  distinct  species  when  first  united, 
and  that  of  tlieir  hybrid  offspring,  graduate,  by  an  almost 
infinite  number  of  steps,  from  zero,  when  the  ovule  is  never 
impregnated  and  a  seed-capsule  is  never  formed,  up  to  com- 
plete fertility.  We  can  only  escape  the  conclusion  that  some 
species  are  fully  fertile  when  crossed,  by  determining  to 
designate  as  varieties  all  the  forms  which  are  quite  fertile. 
This  high  degree  of  fertility  is,  however,  rare.  Nevertheless, 
plants,  which  have  been  exposed  to  unnatural  conditions, 
sometimes  become  modified  in  so  peculiar  a  manner,  that  they 
are  much  more  fertile  when  crossed  with  a  distinct  species  than 
when  fertilised  by  their  own  pollen.  Success  in  effecting  a 
first  union  between  two  species,  and  the  fertility  of  their 
hybrids,  depend  in  an  eminent  degree  on  the  contlitions  of 
life  being  favourable.  The  innate  sterility  of  hybrids  of  the 
same  parentage  and  raised  from  the  same  seed-capsule  often 
differs  much  in  degree. 

Thirdly^  the  degree  of  sterility  of  a  first  cross  between  two 
species  does  not  always  run  strictly  parallel  with  that  of  theii 
hybrid  ofl^ring.  Many  cases  are  known  of  species  which 
can  be  crossed  with  ease,  but  yield  hybrids  excessively 
sterile;  and  conversely  some  which  can  be  crossed  with 
great  difficulty,  but  produce  fairly  fertile  hybrids.  This  is 
an  inexplicable  fact,  on  the  view  that  species  have  been 
specially  endowed  with  mutual  sterility  in  order  to  keep 
them  distinct. 

Fourddy^  the  degree  of  sterility  often  differs  greatly  in  two 
«pecies  when  reciprocally  crossed ;  for  the  first  will  readily 
fertilise  the  second ;  but  the  latter  is  incapable,  after  hundreds 
of  trials,  of  fertilising  the  former.  Hybrids  produced  frx>m 
reciprocal  crosses  between  the  same  two  species  likewise 
sometimes  differ  in  their  degree  of  sterility.  These  cases 
also  are  utterly  inexplicable  on  the  view  of  sterility  being  a 
special  endowment. 

Fifthly,  the  degree  of  sterility  of  first  crosses  and  of  hybrids 
runs,  to  a  certain  extent,  ]xirallel  with  the  general  or  s^'stem* 
atic  affinity  of  the  forms  which  are  united.    For  species  be 

K  2 


164  JSTBRIDIBir.  Chap.  XIX. 

longing  to  distinct  genera  can  rarely,  and  thoee  belong^g 
to  distinct  families  can  never,  be  crossed.  The  oarallelisni 
however,  is  far  from  complete;  for  a  multitude  of  doeeiy 
allied  species  will  not  unite,  or  unite  with  extreme  difficulty, 
whilst  other  species,  widely  different  from  one  another,  can 
be  crossed  with  perfect  facility.  Nor  does  the  difficulty 
depend  on  ordinary  constitutional  differences,  for  annual  and 
perennial  plants,  deciduous  and  evergreen  trees,  plants 
flowering  at  different  seasons,  inhabiting  different  stations, 
and  naturally  living  under  the  most  opposite  climates,  can 
often  be  crossed  with  ease.  The  difficulty  or  facility  ap« 
parently  depends  exclusively  on  the  sexual  constitution  of 
the  species  which  are  crossed;  or  on  their  sexual  elective 
affinity,  i,e,  WaJdverwandts^Aaft  of  Gartner.  As  species  rarely 
or  never  become  modified  in  one  character,  without  being  at 
the  same  time  modified  in  many  characters,  and  as  systematic 
affinity  includes  all  visible  similarities  and  dissimilarities, 
any  difference  in  sexual  constitution  between  two  species 
would  naturally  stand  in  more  or  less  close  relation  with  their 
systematic  position. 

Sixthly,  the  sterility  of  species  when  first  crossed,  and  that 
of  hybrids,  may  possibly  depend  to  a  certain  extent  on  distinct 
causes.  With  pure  sj)ecies  the  reproductive  organs  are  in  a 
perfect  condition,  whilst  with  hybrids  they  are  often  plainly 
deteriorated.  A  hybrid  embryo  which  partakes  of  the  con- 
stitution of  its  father  and  mother  is  exposed  to  unnatural 
conditions,  as  long  as  it  is  nourished  within  the  womb,  or 
^ggf  or  seed  of  the  mother-form ;  and  as  we  know  that 
unnatural  conditions  often  induce  sterility,  the  reproductive 
organs  of  the  hybrid  might  at  this  early  age  be  permanently 
affected.  But  this  cause  has  no  bearing  on  the  infertility  of 
first  unicms.  The  diminished  number  of  the  offh-pring  from 
first  unions  may  often  result,  as  is  certainly  sometimes  the 
case,  from  the  pi*emature  death  of  most  of  the  hybrid  embryos. 
But  we  shall  immediately  see  that  a  law  of  an  unknown 
nature  api)arently  exists,  which  leads  to  the  o£bpring  from 
unions,  which  are  infertile,  being  themselves  more  or  less 
infertile  ;  and  this  at  present  is  all  that  can  bo  said. 

SeventJUy,  hybrids  and  mongrels  present,  with  the  one  great 
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exoeption  of  fertility,  the  most  striking  acoordanoe  in  all  other 
respects ;  namely,  in  the  laws  of  their  resemblance  to  their 
two  parents,  in  their  tendency  to  reversion,  in  their  varia- 
bility, and  in  being  absorbed  through  repeated  crosses  by 
either  parent-form. 

After  arriving  at  these  conclusions,  I  was  led  to  investigate 
a  subject  which  throws  considerable  light  on  hybridism, 
namely,  the  fertility  of  heterostyled  or  dimorphic  and 
triraorphio  plants,  when  illegitimately  united.  I  have  had 
occasion  several  times  to  allude  to  these  plants,  and  I  may 
here  give  a  brief  abstract  of  my  observations.  Several  plants 
belonging  to  distinct  orders  present  two  forms,  which  exist 
in  about  equal  numbers,  and  which  differ  in  no  respect  except 
in  their  reproductive  organs ;  one  form  having  a  long  pistil 
with  short  stamens,  the  other  a  nhort  pistil  with  long 
stamens;  both  with  differently  sized  pollen-grains.  With 
trimorphic  plants  there  are  three  forms  likewise  differing  in 
the  lengths  of  their  pistiln  and  stamens,  in  the  size  and  colour 
of  the  pollen-grains,  and  in  some  other  respects ;  and  as  in 
each  of  the  three  forms  there  are  two  sets  of  stamens,  there 
are  altogether  six  sets  of  stamens  and  three  kinds  of  pistils. 
These  organs  are  so  proportioned  in  length  to  one  another 
that,  in  any  two  of  the  forms,  half  the  stamens  in  each  stand 
on  a  level  with  the  stigma  of  the  third  form.  Now  I  have 
shown,  and  the  result  has  been  confirmed  by  other  observers, 
that,  in  order  to  obtain  full  fertility  with  these  plants,  it  is 
necessary  that  the  stigma  of  the  one  form  should  be  fertilised 
by  pollen  taken  from  the  stamens  of  corresponding  height  in 
the  other  form.  So  that  with  dimorphic  species  two  unions, 
which  may  be  called  legitimate,  are  fully  fertile,  and  two, 
which  may  be  called  illegitimate,  are  more  or  less  infertile. 
With  trimorphic  species  six  unions  are  legitimate,  or  fully 
fertile,  and  twelve  are  illegitimate,  or  more  or  less  infertile.^ 

The  infertility  which  may  be  observed  in  various  dimorphio 

'  My  observatioiu   *  On  the   Cha*  Linnean  Soc,'  toI.  z.  p.  393.      Th« 

racter  and  hybrid-like  nature  of  the  abstract  here    given    is  nearly  the 

ofi^pring  from  the  illegitimate  union  same  with  that  which  appeared  in 
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and  Irimorpfaic  plants,  when  illegitimately  fertiliBod,  that  ia. 
by  pollen  taken  from  stamena  not  oorreaponding  in  height 
with  the  piatil,  differs  much  in  degree,  np  to  absolute  and 
ntter  sterility ;  jnst  in  the  same  manner  as  oocnrs  in  crossing 
distinot  species.  As  the  deg^ree  of  sterility  in  the  latter  case 
depends  in  an  eminent  degree  on  the  conditions  of  life  being 
more  or  less  favonrable,  so  I  haye  found  it  with  illegitimate 
anions.  It  is  well  known  that  if  pollen  of  a  distinct  species 
be  placed  on  the  stigma  of  a  flower,  and  its  own  pollen  be 
afterwards,  even  after  a  considerable  interval  of  time,  placed 
on  the  same  stigma,  its  action  is  so  strongly  prepotent  that  it 
generally  annihilates  the  effect  of  the  foreign  pollen ;  so  it  is 
with  the  pollen  of  the  several  forms  of  the  same  species,  for 
legitimate  pollen  is  strongly  prepotent  over  illegitimate 
pollen,  when  both  are  placed  on  the  same  stigma.  I  ascer- 
tained this  by  fertilising  several  flowers,  first  illegitimately, 
and  twenty-four  hours  afterwards  legitimately,  with  pollen 
taken  from  a  peculiarly  coloured  variety,  and  all  the  seedlings 
were  similarly  coloured;  this  shows  that  the  legitimate 
pollen,  though  applied  twenty-four  hours  cnil)8equently,  had 
wholly  destroyed  or  prevented  the  action  of  the  previously 
applied  illegitimate  pollen.  Again,  as,  in  making  reciprocal 
crosses  between  the  same  two  species,  there  is  occasionally  a 
great  difference  in  the  result,  so  the  same  thing  occurs  with 
trimorphic  plants;  fur  instance,  the  mid-styled  form  of 
Lyihfum  mlicaria  could  be  illegitimately  fertilised  with  the 
greatest  ease  by  pollen  from  the  longer  stamens  of  the  short- 
styled  form,  and  yielded  many  seeds ;  but  the  short-styled  form 
did  not  yield  a  single  seed  when  fertilised  by  the  longer 
stamens  of  the  mid-styled  form. 

In  all  these  respects  the  forms  of  the  same  undoubted 
species,  when  illegitimately  united,  behave  in  exactly  the 
same  manner  as  do  two  distinct  species  when  crossed.  This 
led  me  carefully  to  observe  during  four  years  many  seedlings, 
raised  from  several  illegitimate  unions.  U  he  chief  result  is 
Ihat  these  illegitimate  plnnts,  as  they  may  be  called,  are  not 
fully  fertile.  It  is  possible  to  raise  from  dimorphic  species, 
both  long-styled  and  Fhort-styled  illegitimate  plants,  and 
from  trimorphic  plants  all  three  illegitimate  foims.    lliese 
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can  then  be  properly  united  in  a  legitimate  manner.  Whea 
this  is  done,  there  is  no  apparent  reason  why  they  should 
not  yield  as  many  seeds  as  did  their  parents  when  legiti- 
mately fertilised.  But  such  is  not  the  case;  they  are  all 
infertile,  but  in  various  degrees ;  some  being  so  utterly  and 
incurably  sterile  that  they  did  not  yield  during  four  seasons 
a  single  seed  or  even  seed-capsule.  These  illegitimate  plants, 
which  are  so  sterile,  although  uuited  with  each  other  in  a 
legitimate  manner,  may  be  strictly  compared  with  hybrids 
when  crossed  inter  se,  and  it  is  well  known  how  sterile  these 
latter  generally  are.  When,  on  the  other  hand,  a  hybrid  is 
crossed  with  either  pure  parent-species,  the  sterility  is  usually 
much  lessened :  and  so  it  is  when  an  illegitimate  plant  is 
fertilised  by  a  legitimate  plant.  In  the  same  manner  as  the 
sterility  of  hybrids  does  not  always  run  parallel  with  the 
difficulty  of  making  the  first  cross  between  the  two  parent- 
species,  so  the  sterility  of  certain  illegitimate  plants  was 
unusually  great,  whilst  the  sterility  of  the  union  from  which 
they  were  derived  was  by  no  means  great.  With  hybrids 
raised  from  the  eame  seed-capsule  the  degree  of  sterility  is 
innately  variable,  so  it  is  in  a  marked  manner  with  illegiti- 
mate plants.  Lastly,  many  hybrids  are  profuse  and  persistent 
fiowerers,  whilst  other  and  more  bterile  hybrids  produce  few 
flowers,  and  are  weak,  miserable  dwarfs;  exactly  similar 
cases  occur  with  the  illegitimate  offspring  of  various  dimorphic 
and  trimorphic  plants. 

Although  there  is  the  closest  identity  in  character  and 
behaviour  between  illegitimate  plants  and  hybrids,  it  is 
hardly  an  exaggeration  to  maintain  that  the  former  are 
hybrids,  but  produced  within  the  limits  of  the  same  species 
by  the  improper  union  of  certain  forms,  whilst  ordinary 
hybrids  are  produced  from  an  improper  union  between  so- 
called  distinct  species.  We  have  already  seen  that  there  is 
the  closest  similarity  in  all  respects  between  first  illegitimate 
unions,  and  first  crosses  between  distinct  species.  This  will 
perhaps  be  made  more  fully  apparent  by  an  illustration  :  we 
may  suppose  that  a  botanist  found  two  well-marked  varieties 
(and  such  occur)  of  the  long-styled  form  of  the  trimorphic 
Lythrum  salicaria,  and  that  he  determined  to  try  by  crossing 
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whether  they  were  specifically  diatinot.  He  would  find  that 
they  yielded  only  about  oue-fifth  of  the  proper  number  of 
seed,  and  that  they  behared  in  all  the  other  above-specified 
respects  as  if  they  had  been  two  distinct  species.  But  to 
make  the  case  sure,  he  would  raise  plants  from  his  supposed 
hybridised  seed,  and  he  would  find  that  the  seedlings  were 
miserably  dwarfed  and  utterly  sterile,  and  that  they  behaved 
in  all  other  respects  like  ordinary  hybrids.  He  might  then 
maintain  that  he  had  actually  proved,  in  accordance  with  the 
common  view,  that  his  two  varieties  were  as  good  and  as 
distinct  species  as  any  in  the  world ;  but  he  would  be  com- 
pletely mistaken. 

The  facts  now  given  on  dimorphic  and  trimorphic  plants 
are  infportant,  because  they  show  us,  first,  that  the  physio- 
logical test  cf  lessened  fertility,  both  in  first  crosses  and  in 
hybrids,  is  no  criterion  of  specific  distinction ;  secondly, 
because  we  may  conclude  that  there  is  some  unknown  bond 
which  connects  the  infertility  of  illegitimate  unions  with  that 
of  their  illegitimate  offspring,  and  we  are  led  to  extend  the 
same  view  to  first  crosses  and  hybrids ;  thirdly,  because  we 
find,  and  this  seems  to  me  of  es|)ecial  importance,  that  two  or 
three  forms  of  the  same  species  may  exist  and  may  differ  in  no 
respect  whatever,  either  in  structure  or  in  constitution, 
relatively  to  external  contUtions,  and  yet  be  sterile  when 
united  in  certain  ways.  For  we  must  remember  that  it  is 
the  union  of  the  sexual  elements  of  individuals  of  the  same 
form,  for  instance,  of  two  long-styled  forms,  which  results  in 
sterility ;  whilst  it  is  the  union  of  the  sexual  element  proper 
to  two  distinct  forms  which  is  fertile.  Hence  the  case  appeara 
at  first  sight  exactly  the  reverse  of  what  occurs  in  the 
ordinary  unions  of  the  individuals  of  the  same  species,  and 
with  crosses  between  distinct  species.  It  is,  however,  doubt- 
ful whether  this  is  really  so ;  but  I  will  not  enlarge  on  this 
obscure  subject. 

We  may,  however,  infer  as  probable  from  the  consideration 
of  dimorphic  and  trimorphic  plants,  that  the  sterility  of  dis- 
tinct species  when  crossed,  and  of  their  hybrid  progeny, 
depends  exclusively  on  the  nature  of  their  sexual  elements; 
and  not  ou  any  difference  in  their  stiiicture  or  general  con* 
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Btitntioii.  We  are  also  led  to  this  same  oonclnsion  by  con 
sideling  reciprocal  crosses,  in  which  the  male  of  one  species 
cannot  he  united,  or  only  with  great  difficulty,  with  the 
female  of  a  second  species,  whilst  the  converse  cross  can  be 
effected  with  perfect  facility.  That  excellent  observer,  Gartner, 
likewise  concluded  that  species  when  crossed  are  sterile  owing 
to  differences  confined  to  their  reproductive  systems. 

On  the  principle  which  makes  it  necessary  for  man,  whilst 
he  is  selecting  and  improving  his  domestic  varieties,  to  keep 
them  separate,  it  would  clearly  be  advantageous  1o  varieties 
in  a  state  of  nature,  that  is  to  incipient  species,  if  they  could 
be  kept  from  blending,  either  through  sexual  averhion,  or  by 
liecoming  mutually  sterile.  Hence  it  at  one  time  appeared  to 
me  probable,  as  it  has  to  others,  that  this  bterility  might  have 
been  acquired  through  natural  selection.  On  this  view  we 
must  suppose  that  a  shade  of  lessened  fertility  first  spon- 
taneously appeared,  like  any  other  modification,  in  certain 
individuals  of  a  species  when  crossed  with  other  individuals 
of  the  same  species;  and  that  successive  slight  degrees  of 
infertility,  from  being  advantageous,  were  slowly  accumulated. 
This  appears  all  the  more  probable,  if  we  admit  that  the 
structural ,  differences  between  the  forms  of  dimorphic  and 
trimorphic  plants,  as  the  length  and  curvature  of  the  pistil, 
&c.y  have  been  co-adapted  through  natural  selection ;  for  if 
this  be  admitted,  we  can  hardly  avoid  extending  the  same 
conclusion  to  their  mutual  infertility.  Sterility,  moreover,  has 
been  acquired  through  natural  selection  for  other  and  widely 
different  purposes,  as  with  neuter  insects  in  reference  to  their 
social  economy.  In  the  case  of  plants,  the  fiowers  on  the 
circumference  of  the  truss  in  the  guejder-rose  {Vibumum 
opuhw)  and  those  on  the  summit  of  the  spike  in  the  feather- 
hyaointh  (MmcaH  comotum)  have  been  rendered  conspicuous, 
and  apparently  in  consequence  sterile,  in  order  that  insects 
might  easily  discover  and  visit  the  perfect  flowers.  But 
when  we  endeavour  to  apply  the  principle  of  natural  selection 
to  the  acquirement  by  distinct  species  of  mutual  bterility,  we 
meet  with  great  difficulties.  In  the  first  place,  it  may  be 
remarked  that  separate  regions  are  often  inhabited  by  groups 
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of  speoieB  or  by  single  speoieB,  which  when  brought  togetlier 
and  oroned  are  found  to  be  more  or  less  sterile ;  now  it  eoold 
clearly  have  been  no  adTantage  to  sach  separated  species  to 
have  been  rendered  mutoally  sterile,  and  consequently  this 
ooold  not  have  been  effected  through  natural  selection ;  but 
it  may  perhaps  be  argued,  that,  if  a  species  were  rendered 
sterile  with  some  one  compatriot,  sterility  with  other  species 
Would  follow  as  a  necessary  consequence.  In  the  second 
place,  it  is  as  much  opposed  to  the  theory  of  natural  selection, 
as  to  the  theory  of  special  creation,  that  in  reciprocal  crosses 
the  male  element  of  one  form  should  haye  been  rendered 
utterly  impotent  on  a  second  form,  whilst  at  the  same  time 
the  male  element  of  this  second  form  is  enabled  freely  to 
fertilise  the  first  form ;  for  this  peculiar  state  of  the  repro- 
ductive system  could  not  possibly  have  been  advantageous 
to  either  species. 

In  considering  the  probability  of  natural  selection  having 
come  into  action  in  i-endering  species  mutually  sterile,  one 
of  the  greatest  difficulties  will  be  found  to  lie  in  the  existence 
of  many  graduated  steps  from  slightly  lessened  fertility  to 
absolute  sterility.  It  may  be  admitted,  on  the  principle 
above  explained,  that  it  would  profit  an  incipient  species  if  it 
were  rendered  in  some  slight  degree  sterile  when  crossed  with 
its  parent-form  or  with  some  other  variety ;  for  thus  fewer 
bastardised  and  deteriorated  ofispring  would  be  produced  to 
commingle  their  blood  with  the  new  species  in  process  of 
formation.  But  he  who  will  take  the  trouble  to  refiect  on  the 
steps  by  which  this  first  degree  of  sterility  could  be  increased 
through  natural  selection  to  that  higher  degree  which  is 
common  to  bO  many  species,  and  which  is  universal  with 
species  which  have  been  differentiated  to  a  generic  or  family 
rank,  will  find  the  subject  extraordinarily  complex.  After 
mature  reflection  it  seems  to  me  that  this  could  not  have  been 
effected  through  natural  selection.  Take  the  case  of  any  two 
species  which,  when  crossed,  produce  few  and  sterile  offspring ; 
now,  what  is  there  which  oould  favour  the  survival  of  those 
individuals  which  happened  to  be  endowed  in  a  slightly 
higher  degree  with  mutual  infertility,  and  which  thus 
Auproached  by  one  small  step  towards  abaolnte  bterility? 
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Yet  AH  advuLce  of  this  kind,  if  the  theory  of  natural  seleotion 
be  brought  to  bear,  mnat  have  incessantly  oooorred  with 
many  species,  for  a  mnltitnde  are  mntnally  quite  barren. 
With  sterile  neuter  insects  we  haye  reason  to  belieTe  that 
modifications  in  their  structure  and  fertility  have  been  slowly 
accumulated  by  natural  selection,  from  an  advantage  having 
been  thus  indirectly  given  to  the  community  to  which  they 
belonged  over  other  communities  of  the  same  species ;  but  an 
individual  animal  not  belonging  to  a  social  community,  if 
rendered  slightly  sterile  when  craesed  with  some  other  variety, 
would  not  thus  itself  gain  any  advantage  or  indirectly  give 
any  advantage  to  the  other  individuals  of  the  same  variety, 
thus  leading  to  their  preservation. 

But  it  would  be  superfluous  to  discuss  this  question  in 
detail ;  for  with  plants  we  have  conclusive  evidence  that  the 
sterility  of  crossed  species  mnst  be  due  to  some  principle, 
quite  independent  of  natural  selection.  Both  Gartner  and 
Kblreuter  have  proved  that  in  general  including  numerous 
species,  a  series  can  be  foimed  from  species  which  when  crossed 
yield  fewer  and  fewer  seeds,  to  species  which  never  produce  a 
single  seed,  but  yet  are  affected  by  the  pollen  of  certain  other 
species,  for  the  germen  swells.  It  is  here  manifestly  im- 
possible to  select  the  more  sterile  individuals,  which  have 
already  ceased  to  yield  sAeds;  so  that  this  acme  of  sterility, 
when  the  germen  alone  is  affected,  cannot  have  been  gained 
through  selection  ;  and  from  the  laws  governing  the  various 
grades  of  sterility  being  so  uniform  throughout  the  animal 
and  vegetable  kingdoms,  we  may  infer  that  the  cause,  what- 
ever it  may  be,  is  the  same  or  nearly  the  same  in  all  cases. 

As  species  have  not  been  rendered  mutually  infertile 
through  the  accumulative  action  of  natural  selection,  and  as 
we  may  safely  conclude,  from  the  previous  as  well  as  from 
other  and  more  general  considerations,  that  they  have  not 
been  endowed  through  an  act  of  creation  with  this  quality, 
we  must  infer  that  it  has  arisen  incidentally  during  their  slow 
formation  in  connection  with  other  and  unknown  changes  in 
their  organisation.  By  a  quality  arising  incidentally,  I  refer 
to  such  cases  as  different  spt'cies  of  animals  and  plants  being 
differently  affected  by  poisons  to  which  they  are  not  naturally 
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expoaed ;  and  this  difference  in  sasoeptibility  is  clearly  in- 
0 [dental  on  other  and  unknown  differences  in  their  organisii* 
tion.  So  again  the  capacity  in  different  kinds  of  trees  to  be 
grafted  on  each  other,  or  on  a  third  species,  differs  much,  and 
is  of  no  advantage  to  these  trees,  but  is  incidental  on  struc- 
tural or  functional  differences  in  their  woody  tissues.  We 
need  not  feel  surprise  at  sterility  incidentally  resulting  from 
crosses  between  distinct  species, — the  modified  descendants  of 
a  common  progenitor, — when  we  bear  in  mind  how  easily  the 
reproductive  system  is  affected  by  various  causes — often  by 
extremely  slight  changes  in  the  conditions  of  life,  by  too  close 
interbreeding,  and  by  other  agencies.  It  is  well  to  bear  in 
mind  ^uch  cases  as  that  of  the  Pa$siflora  alcUa,  which  re- 
covered its  self-fertility  from  being  grafted  on  a  distinct 
s^)ecies— the  cases  of  plants  which  normally  or  abnormally 
are  self-impotent,  but  can  readily  be  fertilised  by  the  pollen 
of  a  distinct  species — and  lastly  the  cases  of  individual 
domesticated  animals  whidi  evince  towards  each  other  sexual 
incompatibility. 

We  now  at  last  come  to  the  immediate  point  under  dis* 
cuBsion :  how  is  it  that,  with  some  few  exceptions  in  the  case 
of  plants,  domesticated  varieties,  such  as  those  of  the  dog,  fowl, 
pigeon.aevei'al  fruit-trees,  and  cidinary  vegetables,  which  differ 
from  each  other  in  external  chpittcters  more  than  many  species, 
are  perfectly  fertile  when  croesed,  or  even  fertile  in  excess, 
whilst  closely  allied  species  are  almost  invariably  in  some 
degree  sterile  ?  We  can,  to  a  certain  extent,  give  a  satisfac- 
tory answer  to  this  question.  Passing  over  the  fact  that  the 
amount  of  external  difference  between  two  species  is  no  sure 
guide  to  their  degree  of  mutual  sterility,  so  that  similar  differ- 
ences in  the  case  of  varieties  would  be  no  sure  guide,  we  know 
that  with  species  the  cause  lies  exclusively  in  differences  in 
their  sexual  constitution.  Now  the  conditions  to  which 
domesticated  animals  and  cultivated  plants  have  been  sub- 
jected have  had  so  little  tendency  towards  modifying  the 
reproductive  system  in  a  manner  leading  to  mutual  sterility, 
that  we  have  very  good  grounds  for  admitting  the  directly 
opposite  doctrine  of  Pallas,  namely,  that  such  oonditiouft 
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generally  eliminate  this  tendenij}' ;  flo  that  the  domesticated 
deaoendanto  of  apeoiea,  which  in  their  natural  state  would 
haye  been  in  some  degree  sterile  when  Grossed,  become 
perfectly  fertile  together.  With  plants,  so  far  is  cultivation 
from  giving  a  tendency  towards  mutual  sterility,  that  in 
several  well  -  authenticated  cases,  already  often  alluded  t\ 
certain  species  have  been  affected  in  a  very  different  manner, 
for  they  have  become  self-impot«nt,  whilst  still  retaining  the 
capacity  of  fertilising,  and  being  fertilised  by,  distinct  speciesL 
If  the  Pallasian  doctrine  of  the  elimination  of  sterility  through 
long-continued  domestication  be  admitted,  and  it  can  hardly 
be  rejected,  it  becomes  in  the  highest  degree  improbable  that 
similar  circumstances  should  commonly  both  induce  and 
eliminate  the  same  tendency ;  though  in  certain  cases,  with 
species  having  a  peculiar  constitution,  sterility  might  occa- 
sionally be  thus  induced.  Thus,  as  I  believe,  we  can  under- 
stand why  with  domesticated  animals  varieties  have  not  been 
produced  which  are  mutually  sterile ;  and  why  with  plants 
only  a  few  such  cases  have  been  observed,  namely,  by  Gartner, 
with  certain  varieties  of  maize  and  verbascum,  by  other  ex- 
perimentalists with  varieties  of  the  gourd  and  melon,  and  oj 
Kolreuter  with  one  kind  of  tobacco. 

With  respect  to  varieties  which  have  originated  in  a  Ktate 
of  nature,  it  is  almost  hopeless  to  expect  to  prove  by  direct 
evidence  that  they  have  been  rendered  mutually  sterile ;  for  if 
even  a  trace  of  sterility  could  be  detected,  such  varieties  would 
at  once  be  raised  by  almost  every  naturalist  to  the  rank  of 
distinct  species.  If,  for  instance,  G&rtner*s  statement  were 
fully  confirmed,  that  the  blue  and  red  flowered  forms  of  the 
pimpernel  {AnaMUis  arven$i9)  are  sterile  when  crossed,  I  pre- 
sume that  all  The  botanists  who  now  maintain  on  various 
grounds  that  these  two  forms  are  merely  fleeting  varietieB» 
would  at  once  admit  that  they  were  specifically  distinct. 

The  real  difficulty  in  our  present  subject  is  not,  as  it  appears 
to  me,  why  domestic  varieties  have  not  beoome  mutually  in- 
fertile when  crossed,  but  why  this  has  so  generally  occurred 
with  natural  varietie^^  as  soon  as  they  have  been  modified  in  a 
sufficient  and  permanent  degree  to  take  rank  as  species.  We 
are  far  from  precisely  knowing  the  cause;  Int  we  oan  mm 
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that  the  species,  owing  to  their  straggle  for  ezistenoe  with 
numeroiis  competitors,  must  have  been  exposed  to  more  iini« 
form  conditions  of  life  during  long  periods  of  time  than 
domestic  varieties  have  been,  and  this  may  well  make  a 
wide  difference  in  the  result.  For  we  know  how  commonly 
wild  animals  and  plants,  when  taken  from  their  natural 
conditions  and  subjected  to  captivity,  are  rendered  sterile ; 
and  the  reproductive  functions  of  organic  beings  which  have 
always  lived  and  been  slowly  modified  under  natural  con* 
ditions  would  probably  in  like  manner  be  eminently  sensitive 
to  the  influence  of  an  unnatural  cross.  Domesticated  pro- 
ductions, on  the  other  hand,  which,  as  shown  by  the  mere  fact 
of  their  domestication,  were  not  originally  highly  sensitive 
to  changes  in  their  conditions  of  life,  and  which  can  now 
generally  resist  with  undiminished  fertility  repeated  changes 
of  conditions,  might  be  expected  to  produce  varieties,  which 
would  be  little  liable  to  have  their  reproductive  powers  inju- 
riously  affected  by  the  act  of  crossing  with  other  varieties 
which  had  originated  in  a  like  manner. 

Certain  naturalists  have  recently  laid  too  great  stress,  as  it 
appears  to  me,  on  the  difference  in  fertility  between  varieties 
and  species  when  crossed.  Some  allied  species  of  trees  cannot 
be  grafted  on  one  another,  whilst  all  varieties  can  be  so 
grafted.  Some  allied  animals  are  affected  in  a  very  different 
manner  by  the  same  poison,  but  with  varieties  no  such  case 
until  reoently  was  known ;  whilst  now  it  has  been  proved  that 
immunity  from  certain  poisons  sometimes  stands  in  correla- 
tion with  the  colour  of  the  individuals  of  the  same  species. 
The  period  of  gestation  generally  differs  much  in  distinct 
species,  but  with  varieties  until  lately  no  such  difference  had 
been  observed.  Here  we  have  various  physiological  differences, 
and  no  doubt  others  could  be  added,  between  one  species  and 
another  of  the  same  genus,  which  do  not  occur,  or  occur  with 
extreme  rarity,  in  the  case  of  varieties ;  and  these  differences 
are  apparently  wholly  or  in  chief  part  incidental  on  other 
constitutional  differences,  just  in  the  same  manner  as  the 
sterility  of  crossed  species  is  incidental  on  differences  confined 
to  the  sexual  system.  Why,  then,  should  these  latter  differ- 
ences, however  serviceable  they  may  indirectly  be  in  keeping 
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the  iuliabitants  of  the  same  ootintry  diBtinct,  be  thought  of 
such  paramount  importance,  in  comparison  with  other  inci- 
dental and  functional  differences  ?  No  sufficient  answer  to 
this  question  can  be  given.  Hence  the  fact  that  widely 
distinct  domestic  varieties  are,  with  rare  exceptions,  perfectly 
fertile  when  crossed,  and  produce  fertile  offspring,  whilst 
closely  allied  species  are,  with  rare  exceptions,  more  or  les^ 
sterile,  is  not  nearly  so  formidable  an  objection  an  it  appears 
at  first  to  the  theory  of  the  common  descent  of  allied  species. 
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SELBCTIOlf — REHULTS  OF  UETHODICAL  8KLBCTI0K — CARS  TACKN  IN  8B- 
UDCnOX  —  SELBCnON  WITH  PLANTS — SELECTION  CARRIED  ON  BY  THE 
ANCIENTS  AND  BY  BBMI-CIVILMED  PEOPLE — ^UNIMPORTANT  CHABACTBRS 
OfTBK  ATTENDED  TO  —  UNCONSCIOUS  SELECTION  —  AS  CIRCUMSTANCES 
SLOWLY  CHANGE,  80  HAVE  OUR  DOMESTICATED  ANIMALS  CHANGED 
THROUGH  THE  ACTION  OF  UNCONSCIOUS  SELECTION  —  INFLUENCE  OF 
DIFFERENT  BRBbDElfS  ON  THE  SAME  SUB-VARIETY — ^PLANTS  AS  AFFECTED 
BY  UNCONSCIOUS  SELECTION — ^EFFECTS  OF  SELECTION  AS  SHOWN  BY  THE 
GREAT  AMOUNT  OF  DIFFERENCE  IN  THE  PARTS  MOST  VALUED  BY  MAN. 

Tub  power  of  Selection,  whether  exercised  by  man,  or  brought 
into  play  tinder  nature  through  the  struggle  for  existence  and 
the  consequent  sm-yival  of  the  fittest,  absolutely  depends  on 
the  variability  of  organic  beings.  Without  "variability 
nothing  can  be  effected ;  slight  Individual  differences,  how- 
ever, suffice  for  the  work,  and  are  probably  the  chief  or  sole 
means  in  the  production  of  new  species.  Hence  our  dis- 
cussion on  the  causes  and  laws  of  variability  ought  in  stiict 
order  to  have  preceded  the  present  subject,  as  well  as  inheri* 
tance,  crossing,  &q,;  but  practically  the  pi-esent  arrange- 
ment has  been  found  the  most  convenient.  Man  does  not 
attempt  to  cause  variability ;  though  he  onintentionally  effects 
this  by  exposing  organisms  to  new  coiiditions  of  life,  and  by 
crossing  breeds  already  formed.  But  variability  being  granted, 
he  works  wonders.  Unless  some  degree  of  selection  be  exer- 
cised, the  free  commingling  of  the  individuals  of  the  same 
variety  soon  obliterates,  as  we  have  previously  seen,  the 
slight  differences  which  arise,  and  gives  uniformity  of  cha- 
racter to  the  whole  body  of  individuals.  In  separated 
districts,  long-continued  exposure  to  different  conditions  of 
life  may  produce  new  races  without  the  aid  of  selection  ;  but 
to  this  subject  of  the  direct  action  of  the  conditions  of  lif« 
I  shall  recur  in  a  future  chapter. 
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When  animals  or  plants  are  born  with  some  oonspicnous 
And  firmlj  inherited  new  character,  selection  is  reduced  to  the 
preservation  of  such  individuals,  and  to  the  subsequent  pre« 
vention  of  crosses ;  so  that  nothing  more  need  be  said  on  the 
subject.  But  in  the  great  majority  of  cases  a  new  character, 
or  some  superiority  in  an  old  character,  is  at  £rst  faintly 
pronounced,  and  is  not  strongly  inherited ;  and  then  the  full 
difficulty  of  selection  is  experienced.  Indomitable  patience, 
the  finest  powers  of  discrimination,  and  sound  judgment  must 
be  exercised  during  many  years.  A  clearly  predetermined 
object  must  be  kept  steadily  in  view.  Few  men  are  endowed 
with  all  these  qualities,  especially  with  that  of  discriminating 
very  slight  differences ;  judgment  can  be  acquired  only  by 
long  experience ;  but  if  any  of  these  qualities  be  wanting, 
the  labour  of  a  life  may  be  thrown  away.  I  have  been 
astonished  when  celebrated  breeders,  whose  skill  and  judg- 
ment have  been  proved  by  their  success  at  exhibitions,  have 
shown  me  their  animals,  which  appeared  all  alike,  and  have 
assigned  their  reasons  for  matching  this  and  that  individual, 
'i'he  importance  of  the  great  principle  of  Selection  mainly  lies 
in  this  power  of  selecting  scarcely  appreciable  differences, 
which  nevertheless  are  found  to  be  transmissible,  and  which 
can  be  accumulated  until  the  result  is  made  manifest  to  the 
eyes  of  every  beholder. 

The  principle  of  selection  may  be  conveniently  divided  into 
three  kinds.  Methodical  section  is  that  which  guides  a  man 
who  systematically  endeavours  to  modify  a  breed  according  to 
some  predetermined  standard.  Uncantctaus  sdeciion  is  that 
which  follows  from  men  naturaUy  preserving  the  most  valued 
and  destroying  the  less  valued  individuals,  without  any 
thought  of  altering  the  breed ;  and  undoubtedly  this  process 
slowly  works  great  changes.  Unconscious  selection  graduates 
into  methodical,  and  only  extreme  cases  can  be  distinctly 
separated ;  for  he  who  preserves  a  useful  or  perfect  animal 
will  generally  breed  from  it  with  the  hope  of  getting  offspring 
of  the  same  character ;  but  as  long  as  he  has  not  a  prede- 
termined purpose  to  improve  the  breed,  he  may  be  said  to  be 
selecting  unconsciously.^    Lastly,  we  have  Natural  selectioii^ 

'  The  term  unconachua  Hlactkm  has  bten  objected  to  «•  a  eontradictioD ; 
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which  implies  that  the  individuals  which  are  best  fitted  for 
the  complex,  and  in  the  course  of  ages  changing  conditions  to 
which  they  are  exposed,  generally  survive  and  procreate  their 
kind.  With  domestic  productions,  natural  selection  comes  to 
a  certain  extent  into  action,  indei)endently  of,  and  even  in 
opposition  to,  the  will  of  man. 

Methodical  Selection. — What  man  has  efibcted  within  recent 
times  in  £ngland  by  niethodii^al  selection  is  clearly  shown  by 
our  exhibitions  of  improved  quadrupeds  and  fancy  birds. 
With  respect  to  cattle,  sheep,  and  pigs,  we  owe  their  great 
improvement  to  a  long  series  of  well-known  names — Bake- 
well,  Colling,  Ellman,  Bates,  Jonas  Webb,  Lords  Leicester 
and  Western,  Fisher  Ilobbs,  and  others.  Agricultural  writers 
are  unanimous  on  the  power  of  selection :  any  numl)er  of 
statements  to  this  effect  could  Ih3  quoted  ;  a  few  will  suffice. 
Youatt,  a  sagacious  and  experienced  observer,  writes,^  the 
principle  of  selection  is  "  that  which  enables  the  agricul- 
turist, not  only  to  modify  the  character  of  his  Hock,  but  to 
change  it  altogether."  A  great  breeder  of  Shorthorns  ^  says, 
''  In  the  anatomy  of  the  shoulder  modern  breeders  have  made 
*'  great  improvement  on  the  Ketton  shorthorns  by  correcting 
**  the  defect  in  the  knuckle  or  shoulder-joint,  and  by  laying 
"  the  top  of  the  shoulder  more  snugly  in  the  crop,  and  thereby 

''  filling  up  the  hollow  behind  it llie  eye  has  its 

''  fashion  at  different  periods  :  at  one  time  the  eye  high  and 
'*  outstanding  from  the  head,  and  at  another  time  the  sleepy 
"  eye  sunk  into  the  head ;  but  these  extremes  have  mergid 
*'  into  the  medium  of  a  full,  clear  and  prominent  eye  with  a 
**  placid  look." 

Again,  hear  what  an  excellent  judge  of  pigs  ^  says :  '*  Th^ 
''  legs  should  be  no  longer  than  just  to  prevent  the  animal's 
'^  belly  from  trailing  on  the  ground.     The  leg  is  the  least 


but  tee  some  excellent  observations  '  '  On  Sbeep,'  1 838,  p.  60. 

on  this  head  bv  Prof.  Huxley  ('  NmU  *  Mr.   J.    Wrizht    on    Shorthorn 

Hist.  Review,*  Oct.  1864,  p.  578),  who  Cattle,  in  <^ Journal  of  Royal  Agricult. 

remarks  that  when  the  wind  heaps  Soc.,'  vo*.  vii.  pp.  208,  209. 
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**  profitable  portion  of  the  hog,  and  we  therefore  require  no 
more  of  it  than  ia  absolutely  neoeflsary  for  the  support  of 
the  rest."  Let  any  one  compare  the  wild-boar  with  any 
improved  breed,  and  he  will  see  how  effectually  the  legs  have 
been  shortened. 

Few  persons,  exoept  breeders,  are  aware  of  the  systematio 
care  taken  in  selecting  animals,  and  of  the  necessity  of  having 
a  clear  and  almost  prophetic  vision  into  futurity.  Lord 
Spencer's  skill  and  judgment  were  well  known;  and  he 
writes,*  "  It  is  therefore  veiy  desirable,  before  any  man  coin- 
*'  mences  to  breed  either  cattle  or  sheep,  that  he  should  make 
up  his  mind  to  the  shape  and  qualities  he  wishes  to  obtain, 
and  steadily  pursue  this  object."  Lord  Somerville,  in 
speaking  of  the  marvellous  improvement  of  the  New  Leicester 
sheep,  effected  by  Bakewell  and  his  successors,  says,  **  It 
would  seem  as  if  they  had  first  drawn  a  perfect  fonn,  and 
then  given  it  life."  Youatt  •  urges  the  necessity  of  annually 
drafting  each  flock,  as  many  animals  will  certainly  degenerate 
**  from  the  standard  of  excellence  which  the  breeder  has 
established  in  his  own  mind."  Even  with  a  bird  of  such 
little  importance  as  the  canary,  long  ago  (1780-1790)  rales 
were  established,  and  a  standard  of  perfection  was  fixed  ac- 
cording to  which  the  London  fanciers  tried  to  breed  the 
several  sub-varieties.^  A  great  winner  of  prizes  at  the  Pigeon  - 
shows,^  in  describing  the  short-faced  Almond  Tumbler,  says, 
"There  are  many  flrst-rate  fanciers  who  are  particularly 
partial  to  what  is  called  the  goldfinch-beak,  which  is  very 
beautiful ;  others  say,  take  a  full-size  i-ound  cherry  then 
*^  take  a  barleycorn,  and  judiciously  placini;  and  thrusting  it 
"  into  the  cherry,  form  as  it  wore  your  beak ;  and  that  is  not 
"  all,  for  it  will  form  a  good  head  and  beak,  provided,  as  I 
"  said  before,  it  is  judiciously  done ;  others  take  an  oat ;  but 
"  as  I  think  the  goldfinch-beak  the  handsomest,  I  would  advi^o 
^  the  inexperienced  fancier  to  get  the  head  of  a  goldfinch,  and 
"  keep  it  by  him  for  his  observation."     Wonderfully  different 

•  <  Journal  of  Royal  Agricalt.  Soc,*      vol.  rili^  1835,  p.  618. 

Tcl.  i.  p.  24.  *  '  A  treatise  on  the  Art  of  Breed- 

*  *  On  Sheep,'  pp.  520,  319.  ing  the  Almond  Tumbler/  1851,  p.  9 
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as  are  the  beaka  of  the  rock  pigeon  and  goldfinch,  the  end 
has  tmdonhtedly  been  nearly  gained,  as  far  as  external  shape 
and  proportions  are  concerned. 

Not  only  should  oar  animals  be  examined  with  the  greatest 
care  whilst  alive,  but,  as  Anderson  remarks,*  their  carcases 
should  be  scrutinised,  **  so  as  to  breed  from  the  descendants 
of  such  only  as,  in  the  language  of  the  butcher,  cut  up  well." 
Tlie  "  grain  of  the  meat "  in  cattle,  and  its  being  well  marbled 
with  fat,^®  and  the  greater  or  less  accumulation  of  fat  in  the 
abdomen  of  our  sheep,  have  been  attended  to  with  succesM. 
80  with  poultry,  a  writer,^^  speaking  of  Cochin-China  fowls, 
which  are  said  to  differ  much  in  the  quality  of  their  flesh, 
says,  **  the  best  mode  is  to  purchase  two  young  brother-cocks, 
*'  kill,  dress,  and  serve  up  one ;  if  he  be  indifferent,  similarly 
'*  di8ix)se  of  the  other,  and  try  again  ;  if,  however,  he  be  fine 
*'  and  well-flavoured,  his  brother  will  not  be  amiss  for  breeding 
•*  purposes  for  tlie  table." 

The  great  principle  of  the  division  of  labour  has  been 
brought  to  bear  on  selection.  In  certain  districts''  "the 
breeding  of  bulls  is  confined  to  a  very  limited  number  of 
persons,  who  by  devoting  their  whole  attention  to  this 
department,  are  able  from  year  to  year  io  furnish  a  class  of 
**  bulls  which  are  steadily  improving  the  general  breed  of  the 
"  district."  llie  rearing  and  letting  of  choice  rams  has  long 
been,  as  is  well  known,  a  chief  source  of  profit  to  several 
eminent  breeders.  In  parts  of  Germany  this  principle  is 
cnn'ied  with  merino  sheep  to  an  extreme  point.''  So  impor- 
*'  tant  is  the  proper  selection  of  breeding  animals  considered, 
that  the  best  fiock-masters  do  not  trust  to  their  own  judg- 
ment or  to  that  of  their  shepherds,  but  employ  persons  called 
*  sheep-elassifiers,'  who  make  it  their  special  business  to 
"attend  to  this  part  of  the  management  of  several  flocks, 
**  and  thus  to  preserve,  or  if  possible  to  improve,  the  best 
*'  qualities  of  both  parents  in  the  lambs."    In  Saxony,  *'  when 

**  Recreations  in  Agriculture,' ToL  Agricnlt.    Soc,'    quoted  in    <Gard. 

K.  p.  409.  Chronicle,'  1844,  p.  29. 

*•  YocAtt  on  Cattle,  pp.  191,  227.  "  Simmonds,    quoted    in    <Gard. 

"  Ferguson,  <  Priae  F  lultry,'  1854,  Chronicle,'  1855,  p.  637.     And   for 
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**  the  lambs  are  weaned,  each  in  his  turn  is  placed  upon  a 
**  table  that  his  wool  and  form  may  be  minutely  observed. 
'^  The  finest  are  selected  for  breeding  and  receive  a  first 
**  mark.  When  they  are  one  year  old,  and  prior  to  shearing 
^  them,  another  close  examination  of  those  previously  marked 
^  take8  place :  those  in  which  no  defect  can  be  found  receive 
**  a  second  mark,  and  the  rest  are  condemned.  A  few  months 
*^  afterwards  a  tliird  and  last  scrutiny  is  made ;  the  prime 
*'  rams  and  ewes  receive  a  third  and  final  mark,  but  the 
**  slightest  blemish  is  sufficient  to  cause  the  rejection  of  the 
'*  animal.*'  These  sheep  are  bred  and  valued  almost  ex- 
clusively for  the  fineness  of  their  wool ;  and  the  result 
corresponds  with  the  labour  bestowed  on  their  selection. 
Instruments  have  been  invented  to  measure  accurately  the 
thickness  of  the  fibres:  and  '*an  Austrian  fleece  has  been 
produced  of  which  twelve  hairs  equalled  in  thickness  one 
from  a  Leicester  sheep." 

Throughout  the  world,  wherever  silk  is  produced,  the 
greatest  care  is  bestowed  on  selecting  the  cocoons  from  which 
the  moths  for  breeding  are  to  be  reared.  A  careful  cultivator^ ^ 
likewise  examines  the  moths  themselves,  and  destroys  thoBO 
that  are  not  perfect.  But  what  more  immediately  concerns 
us  is  that  certain  families  in  Fi-anoe  devote  themselves  to 
raising  eggs  for  sale.^^  In  China,  near  Shanghai,  the  in- 
habitants of  two  small  districts  have  the  privilege  of  raising 
eggs  for  the  whole  surrounding  country,  and  that  they  may 
give  up  their  whole  time  to  this  business,  they  are  interdicted 
by  law  from  producing  silk.^' 

The  care  which  successful  breeders  take  in  matching  their 
birds  is  surprising.  Sir  John  Sebright,  whose  fame  is  per- 
petuated by  the  *'  Sebright  Bantam,"  used  to  spend  "  two  and 
three  days  in  examining,  consulting,  and  disputing  with  a 
friend  which  were  the  best  of  five  or  six  birds."  ^^  Mr.  Bult, 
whose  pouter-pigeons  won  so  many  prizes,  and  were  exported 
to  North  America  under  the  charge  of  a  man  sent  on  purpose, 

i«  Robinet,«  Ven  i  Soie,'  1848,  p.  **  M.  Simon,  in  <Bull.  de  la  8oc 
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told  me  that  he  always  deliberated  for  several  days  before  he 
matclied  each  pair.  Henoe  we  can  understand  the  advice  of 
an  eminent  fancier,  who  writes,^*^  **  I  wonld  here  particularly 
guard  yon  against  having  too  great  a  variety  of  pigeons, 
otherwise  yon  will  know  a  little  of  all,  but  nothing  about 
*'  one  as  it  ought  to  be  known."  Apparently  it  transcends 
the  power  of  the  human  intellect  to  breed  all  kinds :  *'  it 
*'  is  possible  that  there  may  be  a  few  fanciers  that  have  a 
*^  good  general  knowledge  of  fancy  pigeons ;  but  there  ai  e 
*'  many  more  who  labour  under  the  delusion  of  supposing 
**  they  know  what  they  do  not."  The  excellence  of  one  sub- 
variety,  the  Almond  Tumbler,  lies  in  the  plumage,  carriage, 
head,  beak,  and  eye;  but  it  is  too  presumptuous  in  the 
l)cginner  to  try  for  all  these  points.  The  great  ju^ge  above 
cpioted  says,  "  There  are  some  young  fanciers  who  are  over- 
**  covetous,  who  go  for  all  the  above  five  properties  at  once ; 
they  have  their  reward  by  getting  nothing."  We  thus  see 
that  breeding  even  fancy  pigeons  is  no  simple  art :  we  may 
smile  at  the  solemnity  of  these  precepts,  but  he  who  laughs 
will  win  no  prizes. 

What  methodical  selection  has  effected  for  our  animals  is 
sufficiently  proved,  as  already  remarked,  by  our  Exhibitions. 
So  greatly  were  the  sheep  belonging  to  some  of  the  earlier 
breeders,  such  as  Bakewell  and  Lord  Western,  changed,  that 
many  perAons  could  not  be  persuaded  that  they  had  not  been 
crossed.  Our  pigs,  as  Mr.  Comngham  remarks,^'  during  the 
last  twenty  years  have  undergone,  through  rigorous  selection 
together  with  crossing,  a  complete  metamorphosis.  The  first 
exhibition  for  poultry  was  held  in  the  Zoological  Gardens  in 
1845 ;  and  the  improvement  effected  since  that  time  has  been 
great.  As  IVIr.  Bailey,  the  great  judge,  remarked  to  me,  it 
was  formerly  ordered  that  the  comb  of  the  Spanish  cook 
should  be  upright,  and  in  four  or  five  years  all  good  birds 
had  upright  comlxs;  it  was  ordered  that  the  Polish  cock 
should  have  no  comb  or  wattles,  and  now  a  bird  thus  fur- 
nished would  be  at  once  disqualified;   beards  were  ordered, 

>•  J.  M.  Eaton,  *A    Treatise    on       1851,  p.  11. 
FaooT  Pigeons,'   1852,  p.  sit.,  and  **  'Journal     Rojal     Agricultural 
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and  out  of  fifty-fleven  pena  lately  (1860)  exhibited  at  the 
Crystal  Palace,  all  had  beards.  So  it  has  been  in  many  other 
cases.  But  in  all  oases  the  judges  order  only  what  is  occa- 
sionally produced  and  what  can  be  improved  and  rendered 
constant  by  selection.  The  steady  increase  in  weight  during 
the  last  few  years  in  our  fowls,  turkeys,  ducks,  and  geese  iH 
notorious ;  "  six-pound  ducks  are  now  common,  whereas  four 
pounds  was  formerly  the  average."  As  the  time  required  to 
make  a  change  has  not  often  been  recorded,  it  may  be 
worth  mentioning  that  it  took  Mr.  Wicking  thirteen  years 
to  put  a  clean  white  head  on  an  almond  tumbler's  body, 
'*  a  triumph,"  says  another  fancier,  ^*  of  which  he  may  be 
justly  proud."  *• 

Mr.  Toilet,  of  Botley  Hall,  selected  cows,  and  especially 
bulls,  descended  from  good  milkers,  for  the  sole  purpose  of 
improving  his  cattle  for  the  production  of  cheese ;  he  steadily 
tested  the  milk  with  the  lactometer,  and  in  eight  years  he 
increased,  as  I  was  informed  by  him,  the  product  in  propor- 
tion of  four  to  three.  Here  is  a  curious  case  ^^  of  steady  but 
slow  progress,  with  the  end  not  as  yet  fully  attained :  in 
1784  a  race  of  silkworms  was  introduced  into  Fiance,  in 
which  one  hundred  in  the  thousand  failed  to  produce  white 
cocoons;  but  now  after  careful  selection  during  sixty-five 
generations,  the  proportion  of  yellow  cocoons  has  been 
reduced  to  thirty-five  in  the  thousand. 

With  plants  selection  has  been  followed  with  the  same 
good  result  as  with  animals.  But  the  process  is  simpler, 
for  plants  in  the  great  majority  of  cases  bear  both  sexes. 
Nevertheless,  with  most  kinds  it  is  necessary  to  take  as  much 
care  to  prevent  crosses  as  with  animals  or  unisexual  plants  ; 
but  with  some  plants,  such  as  peas,  this  care  is  not  necessar}'. 
With  all  improved  plants,  excepting  of  course  those  which 
are  propagated  by  buds,  cuttings,  Ac,  it  is  almost  indispen- 
sable to  examine  the  seedlings  and  destroy  those  which 
depart  from  the  proper  type,  'iliis  is  called  "  roguing,"  and 
is,  in  fact,  a  form  of  selection,  like  the  rejection  of  inferior 
animals.      Experienced    horticulturists    and    agriculturists 

••'Poultry    Chronicle,'    toL    ii.,  "  Isid.  Geoffroy  St.-Hilaire,  'HmI. 
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inoeseanily  urge  every  one  to  preserre  the  finest  plants  for 
the  production  of  seed. 

Although  plants  often  present  much  more  oonspicaous 
▼ariations  than  animals,  yet  the  closest  attention  is  generally 
requisite  to  detect  each  slight  and  favourable  change.  Mr. 
Masters  relates  '^  how  *'  many  a  patient  hour  was  devoted," 
whilst  he  was  young,  to  the  detection  of  differences  in  peas 
intended  for  seed.  Mr.  Bamet  ^  remarks  that  the  old  scarlet 
American  strawberry  was  cultivated  for  more  than  a  century 
without  producing  a  single  variety ;  and  another  writer  ob- 
serves how  singular  it  was  that  when  gardeners  first  began 
to  attend  to  this  fruit  it  began  to  vary  ;  the  truth  no  doubt 
being  that  it  had  always  varied,  but  that,  until  slight  vari- 
ations were  selected  and  propagated  by  seed,  no  conspicuous 
result  was  obtained.  The  finest  shades  of  difference  in  wheat 
have  been  discriminated  and  selected  vrith  almost  as  much 
care  as,  in  the  case  of  the  higher  animals,  for  instance  by 
Col.  Le  Couteur  and  more  especially  by  Major  Hallett. 

It  may  be  worth  while  to  give  a  few  examples  of  method- 
ical selection  with  plants ;  but  in  fact  the  great  improvement 
of  all  our  anciently  cultivated  plants  may  be  attributed  to 
selection  long  carried  on,  in  part  methodically,  and  in  part 
unconsciously.  I  have  shown  in  a  former  chapter  how  the 
freight  of  the  gooseberry  has  been  increased  by  systematic 
selection  and  culture.  The  flowers  of  the  Heartsease  have 
been  similarly  increased  in  size  and  regularity  of  outline. 
With  the  Cineraria,  Mr.  Glenny  ^  "  was  bold  enough  when 
**  the  flowers  were  ragged  and  starry  and  ill  defined  in  colour, 
to  fix  a  standard  which  was  then  considered  outrageously 
high  and  impossible,  and  which,  even  if  reached,  it  was 
''said,  we  should  be  no  gainers  by,  as  it  would  spoil  the 
*'  beauty  of  the  flowers.  He  maintained  that  he  was  right ; 
'*  and  the  event  has  proved  it  to  be  so."  The  doubling  of 
flowers  has  several  times  been  effected  by  careful  selection  : 
the  Bev.  W.  Williamson,^^  after  sowing  during  several  years 

"'Gardener's    Chron.,*  1850,    p.  *«  'Journal  of  Horticulture,' 18G2, 
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seed  of  Anemone  caronaria,  found  a  plant  with  one  additional 
petal ;  he  sowed  the  seed  of  this,  and  by  pet  seyerance  in  the 
same  coarse  obtained  several  yarieties  with  six  or  seven  rows 
of  petals.  The  single  Scotch  rose  was  doubled,  and  yielded 
eight  good  varieties  in  nine  or  ten  years.^*  The  Canterbnry 
bell  (Campanula  medium)  was  doubled  by  careful  selection  in 
four  generational^  In  four  years  Mr.  Buckman,^  by  culture 
and  careful  selection,  converted  parsnips,  raised  from  wild 
seed,  into  a  new  and  good  variety.  By  selection  during  a 
long  course  of  years,  the  early  maturity  of  peas  has  been 
hastened  by  between  ten  and  twenty-one  days.^*  A  more 
curious  case  is  offered  by  the  beet  plant,  which  since  its  culti- 
vation in  France,  has  almost  exactly  doubled  its  yield  of 
sugar.  This  has  been  effected  by  the  most  careful  selection ; 
the  specific  gravity  of  the  roots  being  regularly  tested,  and 
the  best  roots  saved  for  the  production  of  boed.^® 

8t  lection  by  Ancient  and  Sem-eivilised  People, 

In  attributing  so  much  importance  to  the  selection  of 
animals  and  plants,  it  may  be  objected,  that  methodical  selec- 
tion would  not  have  been  carried  on  during  ancient  times. 
A  distinguished  naturalist  considers  it  as  absurd  to  suppose 
that  semi-civilised  people  should  have  practised  h election  of 
any  kind,  l^ndoubtedly  the  principle  has  been  systematically 
acknowledged  and  followed  to  a  far  greater  extent  within  the 
last  hundred  years  than  at  any  former  period,  and  a  corre- 
sponding rcHult  has  been  gained ;  but  it  would  be  a  greater 
error  to  suppose,  as  we  shall  immediately  see,  that  its  impor- 
tance was  not  recognised  and  acted  on  during  the  most  ancient 
times,  and  by  semi-civilised  people.  I  should  premise  that 
many  facts  now  to  be  given  only  show  that  care  was  taken 
in  breeding ;  but  when  this  is  the  case,  selection  is  almost 
sure  to  be  practised  to  a  certain  extent.  We  shall  hereafter 
be  enabled  better  to  judge  how  far  selection,  when  only  occa- 

**  *  Transact.  Hort.  Soc.,' vol.  iv.  p.  vi.   p.   96;    Mr.    Barnes,   in   'GarcL 
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Bionally  carried  on,  by  a  few  of  the  inhabitants  of  a  oountry, 
will  slowly  produce  a  great  effect. 

In  a  well- known  passage  in  the  thirtieth  chapter  of  Genesis, 
rules  are  given  for  influencing,  as  was  then  thought  possible, 
the  colour  of  sheep  ;  and  speckled  and  dark  breeds  are  spoken 
of  as  being  kept  separate.  By  the  time  of  David  the  fleece 
was  likened  to  snow.  Tooatt,^^  who  has  discussed  all  the 
passages  in  relation  to  breeding  in  the  Old  Testament,  con- 
cludes that  at  this  early  period  **  some  of  the  best  principles 
of  breeding  must  have  been  steadily  and  long  pursued."  It 
was  oi-dered,  according  to  Moses,  that  **  Thou  shalt  not  let  thy 
cattle  gender  with  a  diverse  kind ;  '*  but  mules  were  pur- 
chased,^^ so  that  at  this  early  period  other  nations  must  have 
crossed  the  horse  and  ass.  It  is  said^  that  Erichthonius, 
some  generations  before  the  Trojan  war,  had  many  brood- 
mares, '*  whi(;h  by  his  care  and  judgment  in  the  choice  of 
stallions  produced  a  breed  of  horsois  superior  to  any  in  the 
surrounding  countries."  Homer  (Book  v.)  speaks  of  -^^neas' 
horses  as  bred  from  mares  which  were  put  to  the  steeds  of 
Lar)medon.  Plato,  in  his  *  Republic,*  says  to  Glaucus,  *'  I  see 
that  you  raise  at  your  house  a  great  many  dogs  for  the  chase. 
Do  you  tHke  care  about  breeding  and  pairing  them  ?  Among 
animals  of  good  blood,  are  there  not  always  some  which  are 
superior  to  the  rest  ? "  To  which  Glaucus  answers  in  the 
affirmative.^*  Alexander  the  Great  selected  the  finest  Indian 
cattle  to  send  to  Macedonia  to  improve  the  breed.^^  Acccord- 
iug  to  Pliny ,^*  King  Pyrrhus  had  an  especially  valuable 
breed  of  oxen :  and  he  did  not  suffer  the  bulls  and  cows  to 
come  together  till  four  years  old,  that  the  breed  might  not 
degenerate.  Virgil,  in  his  Georgics  (lib.  iii.),  gives  as  t^trong 
advice  as  any  modern  agriculturist  could  do,  carefully  to  select 
the  breeding  stock ;  **  to  note  the  tribe,  the  lineage,  and  the 
sire ;  whom  to  reserve  for  husband  of  the  herd ; " — to  brand 
the  progeny ; —  to  select  sheep  of  the  purest  white,  and  t  j 
examine  if  their  tongues  are  swarthy.     We  have  seen  that  the 

"  On  Sheep,  p.  18.  ••  Dr.  Dmllj,  translatei  in  <  Anthro- 
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Bomniis  kept  pedigrees  of  their  pigeons,  and  tbis  would  have 
been  a  senseless  proceeding  had  not  great  care  been  taken  in 
breeding  them.  Columella  gives  detailed  instructions  about 
breeding  fowls:  "Let  the  breeding  hens  therefore  be  of  a 
choice  colour,  **  a  robust  body,  square-built,  full-breasted,  with 
*'  large  heads,  with  upright  and  bright-red  oombSi  Those 
"  are  believed  to  be  the  best  bred  which  have  five  toes."  ^^ 
According  to  Tacitus,  the  Celts  attended  to  the  races  of  their 
domestic  animals;  and  Cssar  states  that  they  jmid  high 
prices  to  merchants  for  fine  imported  horses.^  In  regard  to 
plants,  Virgil  speaks  of  yearly  culling  the  largest  seeds ;  and 
Celsus  says,  ^'  where  the  com  and  crop  is  but  small,  we  must 
pick  out  the  best  ears  of  com,  and  of  them  lay  up  our  seed 
separately  by  itself."  ** 

Coming  down  the  stream  of  time,  we  may  be  brief.  At 
about  the  beginning  of  the  ninth  century  Charlemagne 
expressly  ordered  his  officers  to  take  great  care  of  his  stallions ; 
and  if  any  proved  bad  or  old,  to  forewarn  him  in  good  time 
before  they  were  put  to  the  mares.*®  Even  in  a  country  so 
little  civilised  as  Ireland  during  the  ninth  century,  it  would 
appear  from  some  ancient  verses,*^  describing  a  ransom 
demanded  "by  Connac,  that  animals  from  particular  places, 
or  having  a  particular  character,  were  valued.  Thus  it 
is  said, — 

Two  pigs  of  the  pigs  of  Mac  Lir, 

A  ram  and  ewe  [)oth  round  and  red, 

I  brought  with  me  from  Aengus. 

1  brought  with  me  a  stallion  and  a  mare 

From  the  beautiful  stud  of  Manannan, 

A  bull  and  a  white  cow  &om  Druim  Cain. 

Athelstan,  in  930,  received  running-horses  as  a  present  from 
Germany;  and  he  prohibited  the  exportation  of  English 
horses.  King  John  imported  **  one  hundred  chosen  stallions 
from  Flanders."  "    On  June  16th,  1305,  the  Prince  of  \N  ales 

"  <Garden«T'ii  Chronicle,'  ld^8>  P-  *^  Sir  W.  Wilde,  an  'Essaj  on  (Jn- 
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wrote  to  the  Ardibidhop  of  Canterbarj,  begging  for  the  loan 
of  any  choice  stallion,  and  promising  its  return  at  the  end  of 
the  season/^  There  are  numerous  records  at  ancient  periods 
in  English  history  of  the  importation  of  choice  animals  of 
vaiious  kinds,  and  of  foolish  laws  against  their  exportation. 
In  the  reigns  of  Henry  VIL  and  VIII.  it  was  ordered  that 
the  magistrates,  at  Michaelmas,  should  scour  the  heaths  and 
commons,  and  destroy  all  mares  beneath  a  certain  size/^ 
Some  of  our  earlier  kings  passed  laws  against  the  slaughter- 
ing rams  of  any  good  breed  before  they  were  seven  years  old, 
so  that  they  might  have  time  to  breed.  In  Spain  CardiuHl 
Ximenes  issued,  in  lo09,  regulations  on  the  sekcUon  of  good 
rams  for  breeding/' 

The  Emperor  Akbar  Khan  before  the  year  1600  is  said  to 
have  *'  wonderfully  improved "  his  pigeons  by  crossing  the 
breeds ;  and  this  necessarily  implies  careful  selection.  About 
the  same  period  the  Dutch  attended  with  the  greatest  cara 
to  the  breeding  of  these  birds.  Belon  in  1555  says  that  good 
managers  in  France  examined  the  colour  of  their  goslings  in 
order  to  get  geese  of  a  white  colour  and  better  kinds.  Mark- 
ham  in  1631  tells  the  breeder  "  to  elect  the  largest  and  good- 
liest conies,"  and  enters  into  minute  details.  Even  with 
respect  to  seeds  of  plants  for  the  flower-garden.  Sir  J.  Hanmer 
writing  about  the  year  1600^'  says,  in  "choosing  seed,  the 
best  seed  is  the  most  weighty,  and  is  had  from  the  lustiest 
and  most  vigorous  stems ;  '*  and  he  then  gives  rules  about 
leaving  only  a  few  flowers  on  plants  for  seed ;  so  that  even 
such  details  were  attended  to  in  our  flower-gardens  two 
hundred  years  ago.  In  order  to  show  that  selection  has  been 
bilently  carried  on  in  places  where  it  would  not  have  been 
expected,  I  may  add  that  in  the  middle  of  the  last  centmy, 
in  a  remote  part  of  North  America,  Mr.  Cooper  improved  by 
careful  selection  all  his  vegetables,  "  so  that  they  were  gi'eatly 
"  superior  to  those  of  any  other  person.    When  his  radishes, 

**  Michel,  *  Des  Haras,'  p.  90.  tion  on  the  ancient  selection  of  sheep ; 

**  Mr.    Baker,    'HiNtory    of    the  and  is  my  authority  for  rams  not 

Horse,'  *  Veterinary/  foI.  xiiL  p.  423.  being  killed  young  in  England. 

«•  M.  TAbb^  earlier,  in   'Journal  *•  *Gai4eiier's  Chronicle/  1843.  p. 

d»  Physique.'  vol.  zxir.,  1784,  p.  181 ;  389. 
this  memoir  ix>ntains  much  informa- 
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*'  for  instanoR.  are  fit  for  use,  he  takes  ten  or  twelve  that  he 
^  most  approves,  and  phints  them  at  least  100  yards  from 
^  others  that  blossom  at  the  same  time.  In  the  same  manner 
**  he  treats  all  his  other  plants,  varying  the  circumstances 
*'  according  to  their  nature."  *^ 

In  the  great  work  on  China  published  in  the  last  century 
by  the  Jesuits,  and  which  is  chiefly  compiled  from  ancient 
Chinese  encyclopedias,  it  is  said  that  with  sheep  **  improving 
*'  the  breed  consists  in  choosing  with  particular  care  the 
'*  lambs  which  are  destined  for  propagation,  in  nourishing 
**  them  well,  and  in  keeping  the  flocks  separate."  The  same 
principles  were  applied  by  the  Chinese  to  various  plants  and 
fruit-trees.^^  An  imperial  edict  recommends  the  choioe  of 
seed  of  remarkable  size ;  and  selection  was  practised  even 
by  imperial  hands,  for  it  is  said  that  the  Ya-mi,  or  imperial 
rice,  was  noticed  at  an  ancient  period  in  a  field  by  the  Em- 
peror Khang-hi,  was  saved  and  cultivated  in  his  garden,  and 
has  bince  become  valuable  from  being  the  only  kind  which 
will  grow  north  of  the  Great  Wall.**  Even  with  flowers, 
the  tree  piBony  (P.  moutan)  has  been  cultivated,  according  to 
Chinese  traditions,  for  1400  years;  between  200  and  300 
varieties  have  been  raised,  which  are  cherished  like  tulips 
formerly  were  by  the  Dutch.** 

Turning  now  to  semi-civilised  people  and  to  savages :  it 
occurred  to  me,  from  what  I  had  seen  of  several  parts  of  South 
America,  where  fences  do  not  exist,  and  where  the  animals  are 
of  little  value,  that  there  would  be  absolutely  no  care  in 
breeding  or  selecting  them ;  and  this  to  a  large  extent  is 
true.  Houlin,*^  however,  describes  in  Columbia  a  naked  race 
of  cattle,  which  are  not  allowed  to  increase,  on  account  of 
their  delicate  constitution.  According  to  Azara  *^  horses  are 
often  bom  in  Paraguay  with  curly  hair ;  but,  as  the  natives 

*^  *  Cummniiicatioos  to  Board    of  to  Khasg-hi,  iw  Hue's  *  Chinese  Em- 
Agriculture,'  quoted  in  Dr.  Darwin's  pire,'  p.  311. 
*  Phytologia,'  1800,  p.  451.  ^  Anderson,  in  *Linn.  Transact.,' 

^  '  Memoire  sar  les  Chinois,'  1786,  toI.  xii.  p.  253. 
torn.  xi.  p.  55 ;  torn.  y.  p.  507.  **  *  Mem.   de  I'Acad.'  (divers  sa* 

^  'Rocherches    snr    rAgricnltare  Tants),  torn,  vi.,  1835,  p.  333. 
dcs  Chinois,'  par  L  D'Hervey  Saint-  ^*  *  Des  QuadnipMes  dn  Paraguay/ 

Penys,  1850,  p.  229.     With  respect  1801,  torn.  ii.  pp.  333,  371. 
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do  not  like  them,  they  are  destroyed.  On  the  other  hand, 
Azara  states  that  a  hornless  bull,  bom  in  1770,  was  preserved 
and  propagated  its  race.  I  was  informed  of  the  existence  in 
Banda  Oriental  of  a  breed  with  reversed  hair ;  and  the  extiu- 
ordinary  niata  cattle  first  appeared  and  have  sinoe  been  kept 
distinct  in  La  Plata.  Hence  certain  conspicuous  variations 
have  been  preserved,  and  others  have  been  habitually 
destroyed,  in  these  countries,  which  are  so  little  favourable 
for  careful  selection.  We  have  also  seen  that  the  inhabitants 
sometimes  introduce  fresh  cattle  on  their  estates  to  prevent  the 
evil  effects  of  close  interbreeding.  On  the  other  hand,  I  have 
heard  on  reliable  authority  that  the  Gauchos  of  the  Pampas 
never  take  any  pains  in  selecting  the  best  bulls  or  stallions 
for  breeding ;  and  this  probably  accounts  for  the  cattle  and 
horses  being  remarkably  uniform  in  character  throughout  the 
immense  range  of  the  Argentine  republic. 

Looking  to  the  Old  World,  in  the  Sahara  Desert  ''  The 
Touai'eg  is  as  careful  in  the  selection  of  his  breeding  Mahari 
(a  fine  race  of  the  dromedary)  as  the  Arab  is  in  that  of  his 
horse,  llie  pedigrees  are  handed  down,  and  many  a  drome- 
dary Ciin  boast  a  genealogy  far  longer  than  the  descendants 
of  the  Barley  Arabian."  *^  According  to  Pallas  the  Mongo- 
lians endeavour  to  breed  the  Yaks  or  horse-tailed  bnffitloes 
with  white  tails,  for  these  are  sold  to  the  Chinese  mandarins 
as  fly-flappers;  and  Moorcroft,  about  seventy  years  after 
Pallas,  found  that  white-tailed  animals  were  still  selected  for 
breeding.** 

We  have  seen  in  the  chapter  on  the  Dog  that  savages  in 
different  parts  of  North  America  and  in  Guiana  cross  their 
dogs  with  wild  Oanid»,  as  did  the  ancient  Gauls,  according 
to  Pliny.  This  was  done  to  give  their  dogs  strength  and 
vigour,  in  the  same  way  as  the  keepers  in  large  warrens 
now  sometimes  cross  their  ferrets  (as  I  have  been  informed  by 
Mr.  Yarrell)  with  the  wild  polecat,  "  to  give  them  more  devil." 
According  to  Yarro,  the  wild  ass  was  formerly  caught  and 
crossed  with  the  tame  animal  to  improve  the  breed,  in  the 

**  <The  Great  Sahara,'  by  the  Rev.      bnrg/  1777,  p.  249,  Moorcroft  and 
H.  B.  TrUtram,  1860,  p.  238.  Trebeck,  *  Traveb  in  the  Himalaraa 

««  Pallaa,  <Act.  Acad.  St.  Peters-      Provinces,*  1841. 
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■ame  manner  as  at  the  present  day  the  natives  of  Java  some- 
times drive  their  oattle  into  the  forests  to  cross  with  the  wild 
Banteng  (^Bo$  tondataui).^^  In  Morthem  Siberia,  among  the 
Ostjaks,  the  dogs  vary  in  markings  in  different  districts,  but 
in  each  place  they  are  spotted  black  and  white  in  a  remark- 
ably uniform  manner ;  ^*  and  from  tliis  fact  aloae  we  may 
infer  careful  breeding,  more  especially  as  the  dogs  of  one 
locality  are  famed  throughout  the  country  for  their  superio- 
rity. I  have  heard  of  cei  tain  tribes  of  Esquimaux  who  take 
pride  in  their  teams  of  dogs  being  uniformly  coloured.  In 
Guiana,  as  Sir  R.  Schomburgk  infoims  me,*^^  the  dogs  of  the 
Turuma  Indians  are  highly  valued  and  extensively  bartered : 
the  price  of  a  good  one  is  the  same  as  that  given  for  a  wife  : 
they  are  kept  in  a  sort  of  cage,  and  the  Indians  '*  take  great 
care  when  the  female  is  in  season  to  prevent  her  uniting  with 
a  dog  of  an  inferior  description."  The  Indians  told  Sir 
Robert  that,  if  a  dog  proved  bad  or  useless,  he  was  not  killed, 
but  was  left  to  die  from  sheer  neglect.  Hardly  any  nation  is 
more  barbarous  than  the  Fuegians,  but  I  hear  from  Mr. 
Biidges,  the  Catechist  to  the  Mission,  that,  *'  when  these 
'*  savages  have  a  large,  strong,  and  active  bitch,  they  take 
**  care  to  put  her  to  a  fine  dog,  and  even  take  care  to  feed 
**  her  well,  that  her  young  may  be  strong  and  well  favoured/* 
In  the  interior  of  Africa,  negroes,  who  have  not  associated 
with  white  men,  show  great  anxiety  to  improve  their  animals ; 
th^'y  **  alwa3's  choose  the  larger  and  stronger  males  for  stock  ;*' 
the  Malakolo  were  much  pleased  at  Livingstone's  promise  to 
send  them  a  bull,  and  some  Bakalolo  carried  a  live  cock  all 
the  way  from  Loanda  into  the  interior.^®  At  Falaba  Mr. 
Winwood  Reade  noticed  an  unusually  fine  horse,  and  the 
negro  King  informed  him  that  *'  the  owner  was  noted  for  his 
'*  skill  in  breeding  horses."  Further  south  on  the  same 
continent,  Andersson  states  that  he  has  known  a  Damara 
give  two  fine  oxen  for  a  dog  which  struck  his  fancy.    The 

**  Quoted    from    Raffles,  in    the  graph.  Soc.,'  vol.  ziii.  part  i.  p.  65. 
Mndian   Fit*ld/   1859,   p.    196:    for  ^  Livingstone's  *  First  Travels,' pp. 

Varro,  9ce  Pallas,  tU  supra.  191,  439,  565 ;  see  also  *  Expedition  to 

**  £rroan*s    'Travels    in   Siberia,'  the  Zambesi,'  1865,   p.  495,  fur  an 

Eig.  translat.,  vol.  i.  p.  453.  analogous    case    respecting  a    good 

^  JSbe  also  *  Journal   of  R.  Geo-  breed  of  goats. 
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Damaras  take  great  delight  in  haying  whole  droves  of  cattle 
of  the  same  colour,  and  they  prize  their  oxen  in  proportion  to 
the  size  of  their  horns.  *'The  Namaqnas  have  a  perfect 
'*  mania  for  a  uniform  team ;  and  almost  all  the  people  of 
'*  Southern  Africa  value  their  cattle  next  to  their  women,  and 
'*  take  a  pride  in  posseatdng  animals  that  look  high-bred.'* 
"  They  rarely  or  never  make  use  of  a  handsome  animal  as  a 
**  beast  of  Imrden."^*  llie  power  of  discrimination  which 
these  savages  possess  is  wonderful,  and  they  can  recognise  to 
which  tribe  any  cattle  belong.  Mr.  Andersson  further  in- 
forms me  that  the  natives  frequently  match  a  particular  bull 
with  a  particular  cow. 

The  most  curious  case  of  selection  by  semi-civilised  people, 
or  indeed  by  any  people,  which  I  have  found  recorded,  is  that 
given  by  Garcilazo  de  la  Yega,  a  descendant  of  the  Incas,  as 
having  been  practised  in  Peru  before  the  country  was  sub- 
jugated b}**  the  Spaniards.^®  The  Incas  annually  held  gi-eat 
hunts,  when  all  the  wild  animals  were  driven  from  an  im- 
mense circuit  to  a  central  point.  The  beasts  of  prey  wei-e 
first  destroyed  as  injurious.  The  wild  Guanacos  and  Vicunas 
were  sheai^ ;  the  old  males  and  females  killed,  and  the 
others  set  at  liberty.  The  various  kinds  of  deer  were 
examined ;  the  old  males  and  females  were  likewise  killed ; 
**■  but  the  young  females,  with  a  certain  number  of  inaleH, 
selected  from  the  most  beautiful  and  strong,"  were  givcii 
their  freedom.  Here,  then,  we  have  selection  by  man  aiding 
natural  si'lection.  So  that  the  Incas  followed  exactly  the 
reverse  system  of  that  which  our  Scottish  sportsman  are 
accused  of  following,  namely,  of  steadily  killing  the  finest 
stags,  thus  causing  the  whole  race  to  degenerate.*^  In  regard 
to  the  domesticated  llamas  and  alpacas,  they  were  separated 
in  the  time  of  the  Incas  according  to  colour :  and  if  by  chance 
one  in  a  flock  was  bom  of  the  wrong  colour,  it  was  eventually 
put  into  another  flock. 

In  the  genus  Auchenla  there  are  four  forms, — the  Guanaco 

■*  Ander88oii*8  'TraveU  in  South  13ft. 
Africa,' pp.  232,  318,  319.  •>  «The   Nataral  Hittory   of  J>tc 

^  Dr.  Vavasseur,   in   '  Bull,  de  la  Side,'  1855,  p.  476. 
doc  d'Acclimat./  torn,  viii.,  1861,  j>. 
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and  Yionna,  fcond  wild  and  undoubtedly  distinct  species; 
the  Llama  and  Alpaca,  known  only  in  a  domesticated  con- 
dition. Theee  four  animals  appear  so  different,  that  most 
naturalists,  especially  those  who  have  studied  these  animals 
in  their  native  country,  maintain  that  they  are  specifically 
distinct,  notwithstanding  that  no  one  pretends  to  have  seen 
a  wild  llama  or  alpaca.  Mr.  Ledger,  however,  who  has  closely 
studied  these  animals  both  in  Peru  and  during  their- exporta- 
tion to  Australia,  and  who  has  made  many  experiments  on 
their  propagation,  adduces  arguments*^  which  seem  to  me 
conclusive,  that  the  llama  is  the  domesticated  descendant  of 
the  guanaco,  and  the  alpaca  of  the  vicuna.  And  now  that  we 
know  that  these  animals  were  systematically  bred  and  selected 
many  centuries  ago,  there  is  nothing  surprising  in  the  great 
amount  of  change  which  they  have  undergone. 

It  appeared  to  me  at  one  time  probable  that,  though 
ancient  and  semi-civilised  people  might  have  attended  to  the 
improvement  of  their  more  useful  animals  in  essential  points, 
yet  that  they  would  have  disregarded  unimportant  characters. 
But  human  nature  is  the  same  throughout  the  world  :  fashion 
everywhere  reigns  supreme,  and  man  is  apt  to  value  whatever 
he  may  chance  to  possess.  We  have  seen  that  in  South 
America  the  niata  cattle,  which  certainly  are  not  made  useful 
by  their  shortened  faces  and  upturned  nostrils,  have  been 
preserved.  The  Damaras  of  South  Africa  value  their  cattle  for 
uniformity  of  colour  and  enormously  long  horns.  And  I  will 
now  show  that  there  is  hardly  any  peculiarity  in  our  most 
useful  animals  which,  from  fashion,  superstition,  or  some 
other  motive,  has  not  been  valued,  and  consequently  pre- 
served. With  respect  to  cattle,  ^*  an  early  record,"  according 
to  Touatt,*^  ''  speflJcs  of  a  hundred  white  cows  with  red  ears 
''  being  demanded  as  a  compensation  by  the  princes  of  North 
**  and  South  Wales.  If  the  cattle  were  of  a  dark  or  black 
"colour,  160  were  to  be  presented."  So  that  colour  was 
attended  to  in  Wales  before  its  subjugation  by  England.  In 
Central  Africa,  an  ox  that  beats  the  ground  with  its  tail  is 
killed ;  and  in  South  Africa  some  of  the  I^onaras  will  not  ea% 

••  «Biill.  de  l»  Soc.  d'Acclimat.,'  torn.  Tii.,  1860,  p.  457.     •»  'Cattle/  p.  i8. 
VOL.   II.  O 
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the  fleeli  of  a  spotted  ox.  The  Kaffin  Talne  an  animal  with 
a  mnsical  Yoioe ;  and  "  at  a  sale  in  British  Eaffraria  the  low 
**  of  a  heifer  excited  so  much  admiration  that  a  sharp  com- 
:'  petition  sprung  up  for  her  possession,  and  she  realised  ^ 
•*  considerable  price."  •*  With  respect  to  sheep,  the  Chinese 
prefer  rams  without  horns;  the  Tartars  prefer  them  with 
spirally  wound  horns,  because  the  hornless  are  thought  to 
lose  courage.*^  Some  of  the  Damaras  will  not  eat  the  flesh 
of  hornless  sheep.  In  regard  to  horses,  at  the  end  of  the 
fifteenth  century  animals  of  the  colour  described  as  liari 
pomme  were  most  valued  in  France.  The  Arabs  have  a 
proverb,  "  Never  buy  a  horse  with  four  white  feet,  for  he 
carries  his  shroud  with  him ;  "^^  the  Arabs  also,  as  we  have 
seen,  despise  dun-coloured  horses.  So  with  dogs,  Xenophon 
and  others  at  an  ancient  period  were  prejudiced  in  favour  of 
c-ertain  colours ;  and  "  white  or  slate-coloured  hunting  dogs 
were  not  esteemed."  •' 

Turning  to  poultry,  the  old  Roman  gourmands  thought 
that  the  liver  of  a  white  goose  was  the  most  savoury.  In 
Paraguay  black-skinned  fowls  are  kept  because  they  are 
thought  to  be  more  pix)ductive,  and  their  flesh  the  most  proper 
for  invalids.^^  In  Guiana,  as  1  am  informed  by  Sir  B.  Schom- 
burgk,  the  aborigines  will  not  eat  the  flesh  or  eggs  of  the 
fowl,  but  two  races  are  kept  distinct  merely  for  ornament. 
In  the  Philippines,  no  less  than  nine  sub-varieties  of  the  game- 
cock  are  kept  and  named,  so  that  they  must  be  separately 
bred. 

At  the  present  time  in  Europe,  the  smallest  peculiarities 
are  carefully  attended  to  in  our  most  useful  animals,  either 
fi-om  fJEkshion,  or  as  a  mark  of  purity  of  blood«  Many  examples 
could  be  given ;  two  will  suffice.  "  In  the  Western  counties 
of  England  the  prejudice  against  a  white  pig  is  nearly  as 
strong  as  against  a  black  one  in  Yorkshire."    In  one  of  the 


•*  Liringstone's  TnreU,  p.   576;  ••  F.  Michel,  < Des  Haras,'  pp.47, 

Aadenson,  'Lake  Ngami,'   1856,  p.  50. 

222.     With  respect  to   the  sale  in  *'  Col.  Hamilton  Smith,  Dogs,  in 

Kaffraria,    sm  'Qnarterljr     Review,'  <  Nat  Lib.,' vol.  x.  p.  103. 
1860,  p.  139.  «•  Azara,  ^QaadrapMtf  da  Paia- 

**  *  Memoire  sur  les  Cbinois'(bj  the  gaay,'  torn.  ii.  p.  324. 
Jesuits),  1786,  torn.  al.  p.  57. 
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Berkahire  Bub-breeds,  it  is  said,  '*  the  white  should  be  ooiifinod 
"  to  four  white  feet,  a  white  spot  between  the  eyes,  and  a  few 
"  white  hairs  behind  each  shoulder.'*  Mr.  Saddler  possessed 
*'  three  hundred  pigs,  every  one  of  which  was  marked  in  this 
*'  manner."  **  Marshall,  towards  the  close  of  the  last  century, 
in  speaking  of  a  change  in  one  of  the  Yorkshire  breeds  of 
cattle,  says  the  horns  have  been  considerably  modified,  a« 
'*  a  clean,  small,  sharp  horn  has  been  fashionable  for  the  last 
twenty  years."  '•  In  a  part  of  Germany  the  cattle  of  the 
Kace  de  Gfoehl  are  valued  for  many  good  qualities,  but  they 
must  have  horns  of  a  particular  curvature  and  tint,  so  much 
so  that  mechanical  means  are  applied  if  they  take  a  wrong 
direction ;  but  the  inhabitants  "  consider  it  of  the  highest 
importance  that  the  nostrils  of  the  bull  should  be  flesh- 
coloured,  and  the  eyelashes  light ;  this  is  an  indispensable 
*' condition.  A  calf  with  blue  nostrils  would  not  be  pur- 
"  chased,  or  purchased  at  a  very  low  price."  '^  Therefore  let 
no  man  say  that  any  point  or  character  is  too  trifling  to  be 
methodically  attended  to  and  selected  by  breeders. 

Uncofuciaus  Sdectian, — By  this  term  I  mean,  as  already  more 
than  once  explained,  the  preservation  by  man  of  the  most 
valued,  and  the  destruction  of  the  least  valued  individuals, 
without  any  conscious  intention  on  his  part  of  altering  the 
breed.  It  is  difficult  to  ofler  direct  proofs  of  the  results 
which  follow  from  this  kind  of  selection ;  but  the  indirect 
evidence  is  abundant.  In  fact,  except  that  in  the  one  case 
man  acts  intentionally,  and  in  the  other  unintentionally, 
there  is  little  difierence  between  methodical  and  unconscious 
selection.  In  both  cases  man  preserves  the  animals  which 
are  most  useful  or  pleasing  to  him,  and  destroys  or  neglects 
the  others.  But  no  doubt  a  far  more  rapid  result  ful  lows  from 
methodical  than  from  unconscious  selection,  llie  **  roguing  " 
of  plants  by  gardeners,  and  the  destruction  by  law  in  Henry 
VIIl.'s  reign  of  all  under-sized  mares,  are  instances  of  u 
process  the  reverse  of  selection  in  the  ordinary  sense  of  the 

••  Sidney's  edit,  of  Youatt,  1860,       vol.  ii.  p.  182. 
pp.  24,  25.  "  »Io  .  et  Oayot,  *  Du  Bauf,'  I860, 

'•  *  Rural  Economy  of  Yorkshire,*       p.  547 
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word,  but  leading  to  the  same  general  result.  The  inflnenoe 
of  the  destruction  of  individuals  having  a  pai'ticular  character 
is  well  shown  by  the  necessity  of  killing  every  lamb  with  a 
trace  of  black  about  it,  in  order  to  keep  the  flock  white ;  or 
again,  by  the  effects  on  the  average  height  of  the  men  of 
France  of  the  destructive  wars  of  Napoleon,  by  which  many 
tall  men  were  killed,  the  short  ones  being  left  to  be  the 
fathers  of  families.  This  at  least  is  the  conclusion  of  some  of 
those  who  have  closely  studied  the  effects  of  the  conscription; 
and  it  is  certain  that  since  Napoleon's  time  the  standai-d  for 
the  army  has  been  lowered  two  or  three  times. 

Unoonscions  selection  blends  with  methodical,  so  that  it  is 
scarcely  possible  to  separate  them.  When  a  fancier  long  ago 
first  happened  to  notice  a  pigeon  with  an  unusually  shoi-t 
beak,  or  one  with  the  tail-feathers  unusually  developed, 
although  he  bi'ed  from  these  birds  with  the  distinct  intention 
of  propagating  the  variety,  yet  he  could  not  have  intended  to 
make  a  shoi*t-faoed  tumbler  or  a  fantail,  and  was  far  from  know- 
ing that  he  had  made  the  first  step  towards  this  end.  If  ho 
could  have  seen  the  final  result,  he  would  have  been  struck 
with  astonishment,  but,  from  what  we  know  of  the  habits  of 
fanciers,  probably  not  with  admiration.  Our  English  cai-riers, 
barbs,  and  short-faced  tumblers  have  been  greatly  modified  in 
the  same  manner,  as  we  may  infer  both  from  the  historical 
evidence  given  in  the  chapters  on  the  Pigeon,  and  from  the 
comparison  of  birds  brought  from  distant  countries. 

So  it  has  been  with  dogs;  our  present  fox-hounds  differ 
from  the  old  English  hound ;  our  greyhounds  have  become 
lighter :  the  Scotch  deer-hound  has  been  modified,  and  is  now 
rare.  Our  bulldogs  differ  from  those  which  were  formerly 
used  for  baiting  bulls.  Our  pointers  and  Newfoundlands  do 
not  closely  resemble  any  native  dog  now  found  in  the  countries 
whence  they  were  brought.  These  changes  have  been  effected 
partly  by  crosses ;  but  in  every  case  the  result  has  been 
governed  by  the  strictest  selection.  Nevertheless,  there  is  no 
reason  to  suppose  that  man  intentionally  and  methodically 
made  the  breeds  exactly  what  they  now  are.  As  our  horses 
became  fleeter,  and  the  country  more  cultivated  and  smoother, 
fleeter  fox-hounds  were  desired  and  produced,  but  probably 
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witliont  any  one  distinctlj  foreseeing  what  thoj  would  become. 
Our  pointers  and  setters,  the  latter  almost  oertainl j  descended 
from  large  spaniels,  have  been  greatlj  modified  in  accordance 
with  fashion  and  the  desire  for  increased  speed.  Wolves  have 
become  extinct,  and  so  has  the  wolf-dog ;  deer  have  become 
rarer,  bulls  are  no  longer  baited,  and  the  corresponding  breeds 
of  the  dog  have  answered  to  the  change.  But  we  may  feel 
almost  sure  that  when,  for  instance,  bulls  were  no  longer 
baited,  no  man  said  to  himself,  I  will  now  breed  mj  dogs  of 
smaller  size,  and  thus  create  the  present  race.  As  circum 
stances  changed,  men  unconsciously  and  slowly  moditied  their 
course  of  selection. 

With  race-horses  selection  for  swiftness  has  been  followed 
methodically,  and  our  horses  now  easily  surpass  their  pro- 
genitors. The  increased  size  and  different  appearance  of  the 
English  race-horse  led  a  good  observer  in  India  to  ask,  **  Could 
any  one  in  this  year  of  1856,  looking  at  our  race-horses, 
conceive  that  they  were  the  result  of  the  union  of  the  Arab 
horse  and  the  African  mare  ? "  ^^  This  change  has,  it  is 
probable,  been  largely  effected  through  unconscious  selection, 
that  is,  by  the  general  wish  to  breed  as  fine  horses  as  possible 
in  each  generation,  combined  with  training  and  high  feeding, 
but  without  au}*^  intention  to  give  to  them  their  present 
appearance.  According  to  Youatt,^^  the  introduction  in  Oliver 
CromwelFs  time  of  three  celebrated  Eastern  stallions  speedily 
affected  the  English  breed ;  "  so  that  Lord  Harleigh,  one  of 
the  old  school,  complained  that  the  great  horse  was  fast  dis- 
appearing." This  is  an  excellent  proof  how  carefully  selection 
must  have  been  attended  to ;  for  without  such  care,  all  traces 
of  so  small  an  infusion  of  Eastern  blood  would  soon  have  been 
absorbed  and  lost.  Notwithstanding  that  the  climate  of 
England  has  never  been  esteemed  particularly  favourable  to 
the  horse,  yet  long-continued  selection,  both  methodical  and 
unconscious,  together  with  that  practised  by  the  Arabs  during 
a  still  longer  and  earlier  period,  has  ended  in  giving  us  the 
best  breed  of  horses  in  the  world.     Macaulay  ^^  remarks* 

«  «The    India    Sporting  Review,'  "*  The  Howe,*  p.  22. 

T»l.  i .  p.  181 ;  'Tlic  Stud  Farm,'  by  '*  *  History  c'  ijiglMMi,'  tvL  i  fi. 

Cecil,  p.  58.  316. 
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**Two  men  whose  authority  on  such  subjects  was  held  in 
**  great  esteem,  the  Duke  of  Newcastle  and  Sir  John  Fenwick, 
**  pronounced  that  the  meanest  hack  ever  imported  from 
**  Tangier  would  produce  a  finer  progeny  than  oould  be 
expected  from  the  best  sire  of  our  native  breed.  They 
would  not  readily  have  believed  that  a  time  would  come 
when  the  princes  and  nobles  of  neighbouring  lands  would 
'*  be  as  eager  to  obtain  horses  from  England  as  ever  the 
^  English  had  been  to  obtain  horses  from  Barbary." 

The  London  dray-horse,  which  differs  so  mudx  in  appear- 
ance from  any  natural  species,  and  which  from  its  size  has  so 
astonished  many  Eastern  princes,  was  probably  formed  by  the 
heaviest  and  most  powerful  animals  having  been  selected 
during  many  generations  in  Flanders  and  England,  but 
without  the  least  intention  or  expectation  of  creating  a  horse 
such  as  we  now  see.  If  we  go  back  to  an  early  period  of 
history,  we  behold  in  the  antique  Greek  statues,  as  Schaaff- 
hausen  has  remarked,^^  a  horse  equally  unlike  a  race  or  dray 
horse,  and  differing  from  any  existing  breed. 

The  results  of  unconscious  selection,  in  an  early  stage,  are 
well  shown  in  the  difference  between  the  flocks  descended 
from  the  same  stock,  but  separately  reared  by  careful  breeders. 
Youatt  gives  an  excellent  instance  of  this  fact  in  the  sheep 
belonging  to  Messrs.  Buckley  and  Burgess,  which  "  have  been 
"  purely  bred  from  the  original  stock  of  Mr.  Bakewell  for 
**  upwards  of  fifty  years.  There  is  not  a  sus^^icion  existing  in 
**  the  mind  of  any  one  at  all  acquainted  with  the  subject  that 
**  the  owner  of  either  flock  has  deviated  in  any  one  instance 
"  from  the  pure  blood  of  Mr.  BakewelUs  flock ;  yet  the  differ- 
**  ence  between  the  sheep  possessed  by  these  two  gentlemen  is 
**  so  great,  that  they  have  the  appearance  of  being  quite 
"  different  varieties."  ^*  I  have  seen  several  analogous  and 
well-marked  cases  with  pigeons :  for  instance,  I  had  a  family 
of  barbs  descended  from  those  long  bred  by  Sir  J.  Sebright, 
and  another  family  long  bred  by  another  fancier,  and  the  two 
families  plainly  differed  from  each  other.  Nathusius — and  a 
mora  competent  witness  could  not  be  cited — observes  that, 
though  the  Shorthorns  are  remarkably  uniform  in  appearance 
f*  *  Ueber  Bestandif^keit  der  Arten.  '*  Youatt  on  Sheep,  p.  31ft. 
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(except  in  colour),  yet  the  individual  character  and  wishes  of 
each  hreeder  become  impressed  on  his  cattle,  so  that  different 
herds  differ  slightly  from  one  another.^^  The  Hereford  cattle 
assumed  their  present  well-marked  character  soon  after  the 
year  1769,  through  careful  selection  by  Mr.  Tomkins,"  and 
the  breed  has  lately  split  into  two  strains— one  strain  having 
a  white  face,  and  differing  ulightly,  it  is  said,^*  in  some  other 
points :  but  there  is  no  reason  to  believe  that  this  split,  the 
origin  of  which  is  unknown,  was  intentionally  made;  it 
may  with  much  more  probability  be  attributed  to  different 
breeders  having  attended  to  different  points.  So  Again,  the 
Berkshire  breed  of  swine  in  the  year  1810  had  greatly  changed 
from  what  it  was  in  1780;  and  since  1810  at  least  two 
distinct  sub-breeds  have  arisen  bearing  the  same  name.^® 
Keeping  in  mind  how  rapidly  all  animals  increase,  and  that 
some  must  be  annually  slaughtered  and  some  saved  for 
breeding,  then,  if  the  same  breeder  during  a  long  course  of 
years  deliberately  settles  which  shall  be  saved  and  which 
shall  be  killed,  it  is  almost  inevitable  that  his  individual 
turn  of  mind  will  influence  the  character  of  his  stock, 
without  his  having  had  any  intention  to  modify  the  breed. 

Unconscious  selection  in  the  strictest  sense  of  the  word, 
that  is,  the  saving  of  the  more  useful  animals  and  the  neglect 
or  slaughter  of  the  less  useful,  without  any  thought  of  the 
future,  must  have  gone  on  occasionally  from  the  remotest 
period  and  amongst  the  most  barbarous  nations.  Savages 
often  suffer  from  famines,  and  are  sometimes  expelled  by  war 
from  their  own  homes.  In  such  cases  it  can  hardly  be  doubted 
that  they  would  save  their  most  useful  animals.  When  the 
Fuegians  are  hard  pressed  by  want,  they  kill  their  old  women 
for  food  rather  than  their  dogs;  for,  as  we  were  assured, 
"  old  women  no  use— dogs  catch  otters."  The  same  sound 
sense  would  surely  lead  them  to  preserve  their  more  useful 
Jogs  when  still  harder  pressed  by  faraine.  Mr.  Oldfleld,  who 
lias  seen  so  much  of  the  aborigines  of  Australia,  informs  me 

"  'Ueber     Shorthorn    Rindvieh,'  ^  'Qaarterly  Review,'    1849,    p. 

1857,  s.  51,  392. 

'*  Low,     '  Domesticated  Animals/  **  H.  ron  Nathnsina,  *  Vorstndiea 

1845,  p.  363.  ....  Schweinesch'&del,'  1864,8. 140. 
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that  '*  thej  are  all  very  glad  to  get  a  European  kangaroo  dog, 
and  several  instanoes  have  been  known  of  the  father  killing 
his  own  infant  that  the  mother  might  suckle  the  much-prized 
puppy."  Different  kinds  of  dogs  would  be  useful  to  the 
Australian  for  hunting  opossums  and  kangaroos,  and  to  the 
Fuegian  for  catching  fish  and  otters;  and  the  occasional 
preservation  in  the  two  countries  of  the  most  useful  animals 
would  ultimately  lead  to  the  formation  of  two  widely  distinct 
breeds. 

With  plants,  from  the  earliest  dawn  of  civilisation,  the  best 
variety  which  was  known  would  generally  have  been  cultivated 
at  each  period  and  its  seeds  occasionally  sown  ;  so  that  there 
will  have  been  some  selection  from  an  extremely  remote 
peiiod,  but  without  any  prefixed  standard  of  excellence  or 
thought  of  the  future.  We  at  the  present  day  profit  by  a 
course  of  selection  occasionally  and  unconsciously  carried  on 
during  thousands  of  years.  This  is  proved  in  an  interesting 
manner  by  Oswald  Beer's  researches  on  the  lake-inhabitants 
of  Switzerland,  as  given  in  a  former  chapter;  for  he  shows 
that  the  grain  and  seed  of  our  piosent  varieties  of  wheat, 
barley,  oats,  peas,  beans,  lentils,  and  poppy,  exoeed  in  size 
those  which  were  cultivated  in  Switzerland  during  the 
Neolithic  and  Bronze  periods.  These  ancient  people,  during 
the  Neolithic  period,  possessed  also  a  crab  considerably  larger 
than  that  now  growing  wild  on  the  Jura.^^  The  pears  described 
by  Pliny  were  evidently  extremely  inferior  in  quality  to  our 
present  pears.  We  can  realise  the  effects  of  long-continued 
selection  and  cultivation  in  another  way,  for  would  any  one 
in  his  senses  expect  to  raise  a  firat-rato  apple  from  the  seed  of 
a  truly  wild  crab,  or  a  luscious  melting  pear  from  the  wild 
pear?  Alphonse  de  OandoUe  informs  me  that  he  has  lately 
seen  on  an  ancient  mosaic  at  Home  a  representation  of  the 
melon :  and  as  the  Bonians,  who  were  such  gourmands,  are 
silent  on  this  fruit,  he  infers  that  the  melon  has  been  greatly 
ameliorated  since  the  classical  period. 

Coming  to  later  times,  Buffon,^^  on  comparing  the  flowers, 

*'  &0    also    Dr.  Christ,  in  Rtiti-  **  The  passaf^  is  gi^en,  *  Bull.  Soc. 

mnjt^s  * Pfahlbanten,*  18il,  s.  22  >.         d'Acclimat.,'  1858,  p.  11. 
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fruit,  and  vegetables  which  were  then  ooltiyated  with  some 
excellent  drawings  made  a  hundred  and  fifty  years  preWonsly, 
was  struck  with  surprise  at  the  great  improvement  which  had 
been  e£fected ;  and  remarks  that  these  ancient  flowers  and 
vegetables  would  now  be  rejected,  not  only  by  a  florist  but  by 
a  village  gardener.  Since  the  time  of  Buffon  the  work  of 
improvement  has  steadily  and  rapidly  gone  on.  Every  florist 
who  compares  our  present  flowers  with  those  figured  in  books 
published  not  long  since,  is  astonished  at  the  change.  A  well- 
known  amateur,^^  in  speaking  of  the  varieties  of  Pelargonium 
raised  by  Mr.  Garth  only  twenty-two  years  before,  remarks, 
**  What  a  rage  they  excited :  surely  we  had  attained  perfection, 
'*  it  was  said ;  and  now  not  one  of  the  flowers  of  those  days 
**  will  be  looked  at.  But  none  the  lees  is  the  debt  of  gratitude 
**  which  we  owe  to  those  who  saw  what  was  to  be  done,  and 
'*  did  it."  Mr.  Paul,  the  well-known  horticulturist,  in  writing 
of  the  same  flower,^  says  he  remembers  when  young  being 
delighted  with  the  portraits  in  Sweet's  work  ;  *'  but  what  are 
they  in  point  of  beauty  compared  with  the  Pelargoniums  of 
this  day  ?  Here  again  nature  did  not  advance  by  leaps ; 
the  improvement  was  gradual,  and  if  we  had  neglected 
those  very  gradual  advances,  we  must  have  foregone  the 
present  grand  results."  How  well  this  practical  horti- 
culturist appreciates  and  illustrates  the  gradual  and  accumu- 
lative force  of  selection !  The  Dahlia  has  advanced  in  beauty 
in  a  like  manner ;  the  line  of  improvement  being  guided  by 
fashion,  and  by  the  sucessive  modifications  which  the  flower 
slowly  underwent.*^  A  steady  and  gradual  change  has  been 
noticed  in  many  other  flowers:  thus  an  old  florist,^^  after 
describing  the  leading  varieties  of  the  Pink  which  Wi*re 
grown  in  1813,  adds,  *'  the  pinks  of  those  days  would  now  be 
"  scarcely  grown  as  border-flowers."  The  improvement  of 
so  many  flowers  and  the  number  of  the  varieties  which  have 
been  raised  is  all  the  more  striking  when  we  hear  that  the 

M  (Journal  of  Horticalture,'  1802,  Floricult.  Soc,  in  *  Gardener's  Chro* 

p.  394.  niclo,'  18^3,  p.  86. 

•««  Gardener's    Chronicle,'    1857,  ^  *  Journal  of  Hortlcali«r«»'  Osl, 

p.  85.  24th,  1805,  p  239. 

•*  See  Hr.  Wildman's  address  to  the 
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earliest  knoMrn  flower-garden  in  Europe,  namely  at  Padua, 
datts  only  from  the  year  1545.*^ 

Effects  of  SeUcHan,  <u  $hown  hp  the  pari$  most  vahied  5y  num 
presmting  (he  greaUst  amount  of  difference. — The  power  of  long- 
continued  Belection,  whether  methodical  or  unconscious,  or 
both  combined,  is  well  shown  in  a  general  way,  namely,  by 
the  comparison  of  the  differences  between  the  varieties  of  dis- 
tinct species,  which  are  valued  for  different  parts,  such  as  for 
the  leaves,  or  stems,  or  tubers,  the  seed,  or  fruit,  or  flowers. 
Whatever  part  man  values  most,  that  part  will  be  found  to 
present  the  greatest  amount  of  differeuce.  With  trees  culti' 
vated  for  their  fruit,  Sageret  remarks  that  the  fruit  is  larger 
than  in  the  parent-species,  whilst  with  those  cultivated  for 
the  seed,  as  with  nuts,  walnuts,  almonds,  chestnuts,  &o.,  it  is 
the  seed  itself  which  is  larger ;  and  he  accounts  for  this  fact 
by  the  fruit  in  the  one  case,  and  by  the  seed  in  the  other, 
having  been  carefully  attended  to  and  selected  during  many 
ages.  Gallesio  has  made  the  same  observation.  Godron 
insists  on  the  diversity  of  the  tuber  in  the  potato,  of  the  bulb 
in  the  onion,  and  of  the  fruit  in  the  melon ;  and  on  the  close 
similarity  of  the  other  parts  in  these  same  plants.^^ 

In  order  to  judge  how  far  my  own  impression  on  this 
subject  was  correct,  I  cultivated  numerous  varieties  of  the 
dame  species  close  to  one  another.  The  comparison  of  the 
amount  of  difference  between  widely  different  organs  is  neces- 
sarily vague ;  I  will  therefore  give  the  results  in  only  a  few 
cases.  We  have  previously  seen  in  the  ninth  chapter  how 
greatly  the  varieties  of  the  cabbage  differ  in  their  foliage  and 
stems,  which  are  the  selected  parts,  and  how  closely  they  re- 
semble one  another  in  their  flowers,  capsules,  and  seeds.  In 
seven  varieties  of  the  radish,  the  roots  differed  greatly  in 
colour  and  shape,  but  no  difference  whatever  could  be  detected 
in  their  foliage,  flowers,  or  seeds.     Now  what  a  contrast  is 

"  Presoott's  *  Hist,  of  Mexico,'  rol.  eleventh  chapters  I  hare  givendetails 

a.  p.  61.  on  the  potato;  and  I  can  confirm 

"*  Sagaret,   'Pomologie    Physiolo-  similar  remarks  with  respect  to  the 

giqne,' 1S30,  p.  47 ;  Gallesio,  *  Teoria  onion.    I  hare  also  shown  how  far 

della    Riprodiizione,'   1816,     ^88;  Nandin   concurs  in    regard    to   th« 

Godron,  *  De  i'Espftce,'  1859,  torn.  ii.  varieties  of  the  melon, 
pp.   63,   67,  70.    In  mj  tenth  and 
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presented,  if  we  compare  the  flowers  of  the  varieties  of  these 
two  plants  with  those  of  any  species  caltivated  in  onr  flower- 
gardens  for  ornament;  or  if  we  compare  their  seeds  with 
those  of  the  varieties  of  maize,  peas,  beans,  &c.,  which  are 
valued  and  cultivated  for  their  seeds.  In  the  ninth  chapter 
it  was  shown  that  the  varieties  of  the  pea  differ  but  little 
except  in  the  tallness  of  the  plant,  moderately  in  the  shape  of 
the  pod,  and  greatly  in  the  pea  itself,  and  these  are  all  selected 
points.  The  varieties,  however,  of  the  Pais  sattt  parchetnin 
differ  much  moi-e  in  their  pods,  and  these  are  eaten  and  valued. 
I  cultivated  twelve  varieties  of  the  common  bean ;  one  alone, 
the  Dwarf  Fan,  differed  considerably  in  general  appearance ; 
two  differed  in  the  colour  of  their  flowers,  one  being  an  albino, 
and  the  other  being  wholly  instead  of  partially  purple ;  several 
differed  considerably  in  the  shape  and  size  of  the  pod,  but  far 
more  in  the  bean  itself,  and  this  is  the  valued  and  selected  part. 
Toker's  bean,  for  instance,  is  twice-and-a-half  as  long  and 
broad  as  the  horse-bean,  and  is  much  thinner  and  of  a  different 
shape. 

The  varieties  of  the  gooseberry,  as  formerly  described,  differ 
much  in  their  fruit,  but  hardly  perceptibly  in  their  flowers  or 
organs  of  vegetation.  With  the  plum,  the  differences  likewise 
appear  to  be  greater  in  the  fruit  than  in  the  flowers  or  leaves. 
On  the  other  hand,  the  seed  of  the  strawberry,  which  corre- 
sponds with  the  fruit  of  the  plum,  differs  hardly  at  all ;  whilst 
every  one  knows  how  greatly  the  fruit — that  is.  the  enlarged 
receptacle  —  differs  in  several  varieties.  In  apples,  pears, 
and  peaches  the  flowers  and  leaves  differ  considerably,  but  not, 
as  far  as  I  can  judge,  in  proportion  with  the  fruit.  The 
Chinese  doublc-flowering  peaches,  on  the  other  hand,  show 
that  varieties  of  this  tree  have  been  formed,  which  differ 
more  in  flower  than  in  fruit.  If,  as  is  highly  probable,  the 
peach  is  the  modified  descent  of  the  almond,  a  surprising 
amount  of  change  has  been  effected  in  the  same  species, 
in  the  fleshy  covering  of  the  former  and  in  the  kernels  of  the 
latter. 

When  parts  stand  in  close  relationship  to  each  other,  such 
as  the  seed  and  the  fleshy  covering  of  the  fruit  (whatever 
itii  homological  nature  may  be),  changes    in  the  one  aiti 
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usually  accompanied  by  modifications  in  the  other,  though 
not  necessarily  to  the  same  degree.  With  the  plum-tree, 
fur  instance,  some  varieties  produce  plums  which  are  nearly 
alike,  but  include  stones  extremely  dissimilar  in  shape; 
whilst  conversely  other  varieties  produce  dissimilar  fruit 
with  barely  distinguishable  stones ;  and  generally  the  stones, 
though  they  have  never  been  subjected  to  selection,  differ 
greatly  in  the  several  varieties  of  the  plum.  In  other 
cases  organs  which  are  not  manifestly  related,  through 
some  unknown  bond  vary  together,  and  are  consequently 
liable,  without  any  intention  on  man's  part,  to  be  simul- 
taneously acted  on  by  selection.  Thus  the  varieties  of  the 
stock  ( Matthiola)  have  been  selected  solely  for  the  beauty  of 
their  flowers,  but  the  seeds  differ  greatly  in  colour  and  some- 
what in  size.  Varieties  of  the  lettuce  have  been  selected  solely 
on  account  of  thoir  leaves,  yet  produce  seeds  which  likewiBO 
differ  in  colour.  Grenerally,  through  the  law  of  correlation, 
when  a  variety  differs  greatly  from  its  fellow-varieties  in  any 
one  character,  it  differs  to  a  certain  extent  in  several  other 
characters.  I  observed  this  fact  when  I  cultivated  together 
many  varieties  of  the  same  species,  for  I  used  first  to  make  a  list 
of  the  varieties  which  differed  most  from  each  other  in  their 
foliage  and  manner  of  growth,  afterwards  of  those  that  differed 
most  in  their  flowers,  then  in  their  seed-capsules,  and  lastly 
in  their  mature  seed ;  and  I  found  that  the  same  names  gene- 
rally occuiTed  in  two,  three,  or  four  of  the  successive  lists. 
Nevertheless  the  greatest  amount  of  difference  between  the 
varieties  was  always  exhibited,  as  far  as  I  could  judge,  by 
that  part  or  organ  for  which  the  plant  was  cultivated. 

When  we  bear  in  mind  that  each  plant  was  at  first  culti- 
vated because  useful  to  man,  and  liiat  its  variation  was  a 
subsequent,  often  a  long  subsequent,  event,  we  cannot  explain 
the  greater  amount  of  diversity  in  the  valuable  parts  by 
supposing  that  species  endowed  with  an  especial  tendency  to 
vary  in  any  particular  manner  were  originally  chosen.  We 
must  attribute  the  result  to  the  variations  in  these  ^larte 
having  been  successively  preserved,  and  thus  continually 
augmented;  whilst  other  variations,  excepting  such  as  in- 
evitably appeared  through  correlation,  were  neglected  and 
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lost.  We  may  therefore  infer  that  most  plants  might  be 
made,  through  long-oontinuecL  selection,  to  yield  raoes  as 
different  from  one  another  in  any  character  as  they  now  are 
in  those  parts  for  which  they  are  valued  and  cultivated. 

With  animals  we  see  nothing  of  the  same  kind ;  but  a 
suiBcient  number  of  species  have  not  been  domesticated  for  a 
fair  comparison.  Sheep  are  valued  for  their  wool,  and  the 
wool  differs  much  more  in  the  seveiul  raoes  than  the  hair  in 
cattle.  Neither  sheep,  goats,  European  cattle,  nor  pigs  ai-e 
valued  for  their  fleetness  or  strength ;  and  we  do  not  possess 
breeds  differing  in  these  respect6  like  the  race-horse  and  dray- 
horse.  But  fieetness  and  strength  are  valued  in  camels  and 
dogs ;  and  we  have  with  the  former  the  swift  dromedary  and 
heavy  camel;  with  the  latter  the  greyhound  and  mastiff. 
But  dogb  are  valued  even  in  a  higher  degree  for  their  mental 
qtialities  and  senses;  and  every  one  knows  how  greatly 
the  races  differ  in  these  respects.  On  the  other  hand,  where 
the  dog  is  kept  solely  to  serve  for  food,  as  in  the  Polynesian 
islands  and  China,  it  is  described  as  an  extremely  stupid 
animal.**  Blumenbach  remarks  that  *'  many  dogs,  such  as 
''  the  badger-dog,  have  a  build  so  marked  and  so  appropriate 
"  for  particular  purposes,  that  I  should  find  it  very  difficult 
**•  to  persuade  myself  that  this  astonishing  figure  was  an 
"  accidental  consequence  of  degeneration."  *•  Had  Blumen- 
bach reflected  on  the  great  principle  of  selection,  he  would  not 
have  used  the  term  degeneration,  and  he  would  not  have  been 
astonished  that  dogs  and  other  animals  should  become  excel- 
lently adapted  for  the  service  of  man. 

On  the  whole  we  may  conclude  that  whatever  part  or 
character  is  most  valued — whether  the  leaves,  stems,  tubers, 
bulbs,  flowera,  fruit,  or  seed  of  plants,  or  the  size,  strength, 
fieetness,  haiiy  covering,  or  intellect  of  animals — that  cha- 
mcter  will  almost  invariably  be  found  to  present  the  greatest 
amount  of  difference  both  in  kind  and  degree.  And  this 
result  may  be  safely  attributed  to  man  having  preserved 
during  a  long  course  of  generations  the  variations  which 
were  useftd  to  him,  and  neglected  the  others. 

*•  Qodron,  <De  TEsptee,'  torn.  H.  **  'llie  Anthrfipok fical  TreatiMt 

p.  97.  of  BIuiMnUch,'  1S56,  p.  392. 
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I  will  oonclnde  this  chapter  by  som:  reinaiks  on  an  im* 
portant  subject.  With  animals  such  as  the  giraffe,  of  which 
the  whole  structure  is  admirably  co-ordinated  for  certain  pur- 
poses, it  has  been  supposed  that  all  the  parts  must  haye  been 
simultaneously  modified ;  and  it  has  been  argued  that,  on  the 
principle  of  natural  selection,  this  is  scarcely  possible.  But  in 
thus  arguing,  it  has  been  tacitly  assumed  that  the  variations 
must  have  been  abrupt  and  great.  No  doubt,  if  the  neck 
of  a  iniminant  were  suddenly  to  become  greatly  elongated, 
the  fore  limbs  and  back  would  have  to  be  simultaneously 
strengthened  and  modified ;  but  it  cannot  be  denied  that  an 
animal  might  have  its  neck,  or  head,  or  tongue,  or  fore-limbs 
elongated  a  very  little  without  any  corresponding  modifica- 
tion in  other  parts  of  the  body ;  and  animals  thus  slightly 
modified  would,  during  a  dearth,  have  a  slight  advantage, 
and  be  enabled  to  browse  on  higher  twigs,  and  thus  survive. 
A  few  mouthfuls  more  or  less  every  day  would  make  all  the 
difference  between  life  and  death.  By  the  repetition  of  the 
same  process,  and  by  the  occasional  intercrossing  of  the  sur- 
vivors, there  would  be  some  progress,  slow  and  fluctuating 
though  it  would  be,  towards  the  admirably  co-ordinated 
structure  of  the  giraffe.  If  the  short-faced  tumbler-pigeon, 
with  its  small  conical  beak,  globular  head,  rounded  body, 
short  wings,  and  small  feet — characters  which  appear  all  in 
harmony — had  been  a  natural  species,  its  whole  structure 
would  have  been  viewed  as  well  fitted  for  its  life ;  but  in  this 
case  we  know  that  inexperienced  breeders  are  urged  to  attend 
to  point  after  point,  and  not  to  attempt  improving  the  whole 
structure  at  the  same  time.  Look  at  the  greyhound,  that 
perfect  image  of  grace,  symmetry,  and  vigour ;  no  natural 
species  can  boast  of  a  more  admirably  co-ordinated  structure, 
with  its  tapering  head,  slim  body,  deep  chest,  tucked-up 
abdomen,  rat-like  tail,  and'  long  muscular  limbs,  all  adapted 
for  extreme  fleetness,  and  for  running  down  weak  prey. 
Now,  from  what  we  see  of  the  variability  of  animals,  and 
fiom  what  we  know  of  the  method  which  different  men  follow 
in  improving  their  stock  —  some  chiefly  attending  to  one 
point,  others  to  another  point,  others  again  correcting  defects 
by  crosses,  and  so  forth — we  may  feel  assured  that  if  \9^ 
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could  0ee  the  long  line  of  anceetoxB  of  a  first-rate  greyhound 
up  to  its  wild  wolf-like  progenitor,  we  should  behold  an 
infinite  number  of  the  finest  gradations,  sometimes  in  one 
character  and  sometimes  in  another,  but  all  leading  towards 
our  present  perfect  type.  By  small  and  doubtful  steps  such 
as  these,  nature,  as  we  may  confidently  believe,  has  progix^ssed^ 
on  her  grand  maixdi  of  improvement  and  development. 

A  similar  line  of  reasoning  is  as  applicable  to  separate 
organs  as  to  the  whole  organisation.  A  writer*^  has  recently 
maintained  that  '*  it  is  probably  no  exaggeration  to  suppose 
'*  that  in  order  to  improve  such  an  organ  as  the  eye  at  all, 
it  must  be  improved  in  ten  different  ways  at  once.  And 
the  improbability  of  any  complex  organ  being  produced 
and  brought  to  perfection  in  any  such  way  is  an  im- 
probability of  the  same  kind  and  degree  as  that  of  producing 
a  poem  or  a  mathematical  demonstration  by  throwing 
letters  at  random  on  a  table."  If  the  eye  were  abruptly 
and  greatly  modified,  no  doubt  many  parts  would  have  to  be 
simultaneoosly  altered,  in  order  that  the  org^an  should  remain 
serviceable. 

But  is  this  the  case  with  smaller  changes  ?  There  are 
persons  who  can  see  distinctly  only  in  a  dull  light,  and  this 
condition  depends,  I  believe,  on  the  abnormal  sensitiveness  of 
the  retina,  and  is  known  to  be  inherited.  Now  if  a  bird,  for 
instance,  receive  some  great  advantage  from  seeing  well  in 
the  twilight,  all  the  individuals  with  the  most  sensitive 
retina  would  succeed  best  and  be  the  most  likely  to  survive ; 
and  why  should  not  all  those  which  happened  to  have  the  eye 
itself  a  little  larger,  or  the  pupil  capable  of  greater  dilatation, 
be  likewise  preserved,  whether  or  not  these  modifications 
were  strictly  simultaneous?  These  individuals  would  sub- 
sequently intercross  and  blend  their  respective  advantages. 
By  such  slight  successive  changes,  the  eye  of  a  diurnal  bird 
would  be  brought  into  the  condition  of  that  of  an  owl,  which 

*^  Mr.  J.  J.  Mvrphf ,  in  his  opening  cautiously  giren    bj    the    Rer.    0. 

addresf  to  the  Belfast  Nat.  Hist.  Soc.,  Pritchard,  Pres.  Royal  Astronomical 

as   giren   in  the  'Belfast  Northern  Soc.,  in  his  sermon  (Appendix,  p.  83} 

Whig/  Not.  19,  1866.     Mr.  Murphy  preached  before  the  British  Associk 

here  follows  the  line  of  argument  tion  at  Nottingham,  1:€6. 
agaiss*.  my  views  prermsly  and  more 
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has  often  been  advanced  as  an  ezoellent  instance  of  adapta- 
tion. ShortHsight,  which  is  often  inherited,  permits  a  person 
to  see  distinctly  a  minute  object  at  so  near  a  distance  that  it 
would  be  indistinct  to  ordinary  eyes ;  and  here  we  have  a 
capacity  which  might  be  serviceable  under  certain  conditions* 
abruptly  gained.  The  Fuegians  on  board  the  Beagle  cotdd 
certainly  see  distant  objects  more  distinctly  than  our  sailors 
with  all  their  long  practice;  I  do  not  know  whether  this 
depends  upon  sensitiveness  or  on  the  power  of  adjustment  in 
the  focus ;  but  this  capacity  for  distant  vision  might,  it  is 
probable,  be  slightly  augmented  by  successive  modifications 
of  either  kind.  Amphibious  animals  which  are  enabled  to 
see  both  in  the  water  and  in  the  air,  require  and  possess,  as 
M.  Plateau  has  shown,*'  eyes  constructed  on  the  following 
plan  :  "  the  cornea  is  always  fiat,  or  at  least  much  fiattened 
**  in  the  front  of  the  crystalline  and  over  a  space  equal  to  the 
**  diameter  of  that  lens,  whilst  the  lateral  portions  may  be 
'*  much  curved."  The  crystaUine  is  very  nearly  a  sphere,  and 
the  humours  have  nearly  the  same  density  as  water.  Now 
as  a  terrestrial  animal  became  more  and  more  aquatic  in  its 
habits,  very  slight  changes,  first  in  the  curvature  of  the 
cornea  or  crystalline,  and  then  in  the  density  of  the  humours, 
or  conversely,  might  successively  occur,  and  would  be  advan- 
tageous to  the  animal  whilst  Ufider  water,  without  serious 
detriment  to  its  power  of  vision  in  the  air.  It  is  of  coui-se 
impossible  to  conjecture  by  what  steps  the  fundamental 
structure  of  the  eye  in  the  Vertebrata  was  originally  acquired, 
for  we  know  nothing  about  this  organ  in  the  first  progenitors 
of  the  class.  With  respect  to  the  lowest  animals  in  the  scale, 
the  transitional  states  through  which  the  eye  at  fii»t  probably 
passed,  can  by  the  aid  of  analogy  be  indicated,  as  I  have 
attempted  to  show  in  my  '  Origin  of  Species.*  *' 

**  On   the  Vision  of    FUhes  and       p.  469. 
Amphibia,  translated  in  'Annais  and  *'  Sixth  edition,  1979«p     44 

Mag.  of  Nat.  Hist.,'  toL  zriiL,  19^ 
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CHAPTER  XXL 

SELECTiox,  continued. 

KATUBAL  SRLECnON  AS  AVirBCTIMO  DOMESTIC  PRODrCllONS  —  CHARACTERS 
WHICH  APPEAR  OF  TRIFLING  TALUS  0¥TES  OF  REAL  IMI'ORTAKCE-— 
CIBCUMSTANCni  FAVOURABLE  TO  SELECTION  BY  MAN  —  FACILITY  IN 
PREVENTING  CROSSES,  AND  THE  NATURE  OF  THE  CONDITIONS — CIX>SE 
AITKNTION  AND  PERSEVERANCE  INDISPENSABLE — THE  PRODUCTION  OF  A 
LARGE  NUKBEE  OF  INDIVIDUALS  ESPECIALLY  FAVOURABLE — WHEN  NU 
SELECTION  IS  APPLIED,  DISTINCT  RACES  ARE  NOT  FORMED — HIGHLY-BRED 
ANIMAIil  LIABLE  TO  DEGENERATION — TENDENCY  IN  MAN  TO  CARRY  THE 
SELECTION  OF  EACH  CHARACTER  TO  AN  EXTREME  POINT,  LEADING  TO 
DIVERGENCE  OF  CHARACTER,  RARELY  TO  CONVERGENCE — CHARACTERS 
CONTINUING  TO  VARY  IN  THE  SAME  DIRECTION  IN  WHICH  THEY  HAVE 
ALREADY  VARIED — DIVERGENCE  OF  CHARACTER,  WITH  THE  EXTINCTION 
OF  INTERMEDIATl  VARIETIES,  LEADS  TO  DISTINCTNESS  IN  OUR  DOMESTIC 
RACES — LIMIT  TO  THE  POWER  OP  SELECllON — LAPSE  OF  TIME  IMPORTANT 
— MANNER  IN  WHICH  DOMESTIC  RACES  HAVE  ORIGINATED — SUMMARY. 

Natural  Selection^  or  the  Survival  of  tJie  Fittest,  as  affecting 
domestic  productions, — Wk  know  little  on  this  bead.  But  as 
animals  kept  by  savages  bave  to  provide  tbrougbont  the  year 
their  own  food  either  entirely  or  to  a  large  extent,  it  can 
hardly  be  doubted  that  in  different  countries,  varieties  dif- 
fering in  constitution  and  in  various  characters  would 
succeed  best,  and  so  be  naturally  selected.  Hence  perhaps  it 
is  that  the  few  domesticated  animals  kept  by  savages  partake, 
as  has  been  remarked  by  more  than  one  writer,  of  the  wild 
appearance  of  their  masters,  and  likewise  resemble  natui-al 
species.  Even  in  long-civilised  countries,  at  least  in  the 
wilder  parts,  natural  selection  must  act  on  our  domestic  races. 
It  is  obvious  that  varieties  having  very  different  habits,  consti- 
tution, and  structure,  would  succeed  best  on  mountains  and 
on  rich  lowland  pastures.  For  example,  the  improved  Lei- 
cester sheep  were  formerly  taken  to  the  Lammermuir  Hills ; 
but  an  intelligent  sheep-master  reported  that  ''our  ooarso 
"  lean  pastures  were  unequal  to  the  task  of  supporting  such 
"  heavy-bodied  sheep ;  and  they  gradually  dwindled  away 
**  into  less  and  less  bulk :  each  generation  was  inferior  to  the 

VOL.  II.  9 
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**  pi^oeding  one ;  and  when  the  spring  was  aeyere,  seldom 
"  more  than  two-thirds  of  the  lambs  survived  the  ravages  of 
^*  the  storms."  ^  So  with  the  mountain  cattle  of  North  Wales 
and  the  Hebrides,  it  has  been  found  that  they  could  not 
withstand  being  crossed  with  the  larger  and  more  delicate 
lowland  breeds.  Two  French  naturaUsts,  in  describing  the 
horses  of  Circassia,  remark  that,  subjected  as  they  are  to 
extreme  vicissitudes  of  climate,  having  to  search  for  scanty 
pasture,  and  exposed  to  constant  danger  from  wolves,  the 
strongest  and  most  vigorous  alone  survive.^ 

Every  one  must  have  been  struck  with  the  surpassing 
grace,  strength,  and  vigour  of  the  Game-cock,  with  its  bold 
and  confident  air,  its  long,  yet  firm  neck,  compact  body, 
powerfid  and  closely  pressed  wings,  muscular  thighs,  strong 
beak  massive  at  the  base,  dense  and  sharp  spurs  set  low  on 
the  legs  for  delivering  the  fatal  blow,  and  its  compact,  glossy, 
and  mail-like  plumage  serving  as  a  defence.  Now  the  En- 
glish game-cock  has  not  only  been  improved  during  many 
years  by  man's  careful  selection,  but  in  addition,  as  Mr. 
Tegetmeier  has  remarked,^  by  a  kind  of  natural  selection,  for 
the  strongest,  most  active  and  courageous  birds  have  stricken 
down  their  antagonists  in  the  cockpit,  generation  after  gene- 
ration, and  have  subsequently  served  as  the  progenitors  of 
their  race.  The  same  kind  of  double  selection  has  come  into 
play  with  the  carrier  pigeon,  for  during  their  training  the 
inferior  birds  fail  to  return  home  and  are  lost,  so  that  even 
without  selection  by  man  only  the  superior  birds  propagate 
their  race. 

In  Great  Britain,  in  former  times,  almost  every  district 
had  its  own  breed  of  cattle  and  sheep ;  "  they  were  indigenous 
'*  to  the  soil,  climate,  and  pasturage  of  the  locality  on  which 
*'  they  grazed :  they  seemed  to  have  been  formed  for  it  and 
^  by  it."  ^  Hut  in  this  case  we  are  quite  unable  to  disentangle 
the  effects  of  the  direct  action  of  the  conditions  of  life, — of 
use  or  habit — of  natural  selection— and  of  that   kind   of 

^  Quoted  b7  Yountt  on  Sheep,  p.  viii.,  1B61,  p  311. 

325.     S.e  also  Youatt  on  Cattle,  pp.  »  'The  Poultry  Book,*  1866,  p.  123. 

t)2,  6U.  Mr.  Tegetmeier,  *  The  Homing  or  Car- 

*  MM.  Lherbette  and  De  Quatre-  rier  Pigeon,'  1871,  pp.  4.V-6S. 

iafes,  in  *  Bull.  Soc.  d'Acclimat.,'  torn.  *  Youatt  on  Sheep,  p.  312. 
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selection  whi:.h  we  have  seen  is  occasionally  and  nnoon- 
9ciously  followed  by  man  even  during  the  rudest  periods  of 
history. 

Let  us  now  look  to  the  action  of  natural  selection  on  special 
characters.  Although  nature  ia  difficult  to  resist,  yet  man 
often  strives  against  her  power,  and  sometimes  with  success. 
From  the  facts  to  be  given,  it  will  also  be  seen  that  natural 
selection  would  powerfully  affect  many  of  our  domestic  pro- 
ductions if  left  unprotected.  This  is  a  point  of  much  interest, 
for  we  thus  learn  that  differences  apparently  of  very  slight 
importance  would  certainly  determine  the  survival  of  a  form 
when  forced  to  struggle  for  its  own  existence.  It  may  have 
occurred  to  some  naturalists,  as  it  formerly  did  to  me,  that, 
though  selection  acting  under  natural  conditions  would 
determine  the  structure  of  all  important  organs,  yet  that  it 
could  not  affect  characters  which  are  esteemed  by  us  of  little 
importance;  but  this  is  an  error  to  which  we  are  eminently 
liable,  from  our  ignorance  of  what  characters  are  of  real  value 
to  each  living  creature. 

When  man  attempts  to  make  a  breed  with  some  serious 
defect  in  structure,  or  in  the  mutual  relation  of  the  several 
parts,  he  will  partly  or  completely  fail,  or  encounter  much 
difficulty ;  he  is  in  fact  resisted  by  a  form  of  natural  selection. 
We  have  seen  that  an  attempt  was  once  made  in  Yorkshire 
to  breed  cattle  wi(h  enormous  buttocks,  but  the  cows  perished 
so  often  in  bringing  forth  their  calves,  that  the  attempt  had 
to  be  given  up.  In  rearing  short-faced  tumblers,  Mr.  Eaton 
says,^-"  I  am  convinced  that  better  head  and  beak  birds  have 
**  perished  in  the  shell  than  ever  were  hatched ;  the  reason 
**  being  that  the  amazingly  short-faced  bird  cannot  reach  and 
"  break  the  shell  with  its  beak,  and  so  perishes."  Here  is 
a  more  curious  case,  in  which  natural  Belection  comes  into 
pUy  only  at  long  intervals  of  time:  during  ordinary  seasons 
the  Niata  cattle  can  graze  as  well  as  others,  but  occasionally, 
as  from  1827  to  1830,  the  plains  of  La  Plata  suffer  from  long- 
continued  droughts  and  the  pasture  is  burnt  up;  at  such 
times  common  cattle  and  horses  perish  by  the  thousand,  but 
many  survive  by  browsing  on  twigs,  reeds,  &o. ;  this  th« 

•  *  Tv«atise  on  the  Almond  Tumbler/  1851,  p.  33. 
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Niata  cattle  cannot  bo  well  effect  from  their  upturned  jaws 
and  the  shape  of  their  lips ;  consequently,  if  not  attended  to, 
they  perish  before  the  other  cattle.  In  Columbia,  according 
to  Bonlin,  there  is  a  breed  of  nearly  hairless  cattle,  called 
Peloncs ;  these  succeed  in  their  native  hot  district,  but  are 
found  too  tender  for  the  Cordillera;  in  this  case,  however, 
natural  selection  determines  only  the  range  of  the  variety. 
It  is  obvious  that  a  host  of  artificial  races  could  never  survive 
in  a  state  of  nature ; — such  as  Italian  greyhounds, — hairless 
and  almost  toothless  Turkish  dogb, — fan  tail  pigeons,  which 
cannot  fly  well  against  a  strong  wind, — barbs  and  Polish 
fowls,  with  their  vision  impeded  by  their  eye  wattles  and 
great  topknots, — hornless  bulls  and  rams,  which  consequently 
cannot  cope  with  other  males,  and  thus  have  a  poor  chance 
of  leaving  offspring,— seedless  plants,  and  many  other  such 
cases. 

Colour  is  generally  esteemed  by  the  systematic  naturalist 
as  unimportant :  let  us,  therefore,  see  how  far  it  indirectly 
affects  our  domestic  productions,  and  how  far  it  would  affect 
them  if  they  were  left  exposed  to  the  full  force  of  natural 
selection.  In  a  fiiture  chapter  I  shall  have  to  show  that  con- 
stitutional peculiarities  of  the  strangest  kind,  entailing 
liability  to  the  action  of  certain  poisons,  are  correlated  with 
the  colour  of  the  skin.  I  will  here  give  a  single  case,  on  the 
high  authority  of  Professor  Wyman;  he  informs  me  that, 
being  surprised  at  all  the  pigs  in  a  part  of  Virginia  being 
black,  he  made  inquiries,  and  ascertained  that  these  animals 
feed  on  the  roots  of  the  Lachnanthes  ttnctariaj  which  colours 
their  bones  pink,  and,  excepting  in  the  case  of  the  black 
varieties,  causes  the  hoofs  to  drop  off.  Hence,  as  one  of  the 
squatters  remarked,  '*we  select  the  black  members  of  the 
litter  for  raising,  as  they  alone  have  a  good  chance  of  living." 
So  that  here  we  have  artificial  and  natural  selection  work- 
ing hand  in  hand.  I  may  add  that  in  the  Tarentino  the 
inhabitants  keep  black  sheep  alone,  because  the  Hypericum 
viiiipum  abounds  there ;  and  this  plant  does  not  injure  black 
sheep,  but  kills  the  white  ones  in  about  a  fortnight's  time.* 

Complexion,  and  liability  to  certain  diseases,  are  believed 

<  Dr.  Heuvinger,  *  Woch'ioschiift  fUr  die  Hcilkonde/  Berlin,  1846,  i.  270. 
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to  iiin  together  in  man  and  the  lower  animals.  Thus  white 
terriers  suffer  more  than  those  of  any  other  oolour  from  tho 
fatal  distemper.^  In  North  America  plum-trees  are  liable  to 
a  disease  which  Downing^  believes  is  not  caused  by  insects ; 
the  kinds  bearing  purple  fruit  are  most  affected,  ^*  and  we  have 
**  never  known  the  green  or  yellow  fruited  varieties  infected 
'*  until  the  other  sorts  had  first  become  filled  with  the  knots." 
On  the  other  hand,  peaches  in  North  America  suffer  much 
from  a  disease  called  the  yellows,  which  seems  to  be  peculiar 
to  that  continent,  and  more  than  nine-tenths  of  the  victims, 
*'when  the  disease  first  appeared,  were  the  yellow-fleshed 
^  peaches.  The  white-fleshed  kinds  are  much  more  rarely 
*'  attacked  ;  in  some  parts  of  the  country  never."  In  Mauri- 
tius, the  white  sugar-canes  have  of  late  years  been  so  severely 
atttu3ked  by  a  disease,  that  many  planters  have  been  compelled 
to  give  up  growing  this  variety  (although  fresh  plants  were 
imported  from  China  for  trial),  and  cultivate  only  red  canes.^ 
Now,  if  these  plants  had  been  forced  to  struggle  with  other 
competing  plants  and  enemies,  there  cannot  be  a  doubt  that  the 
colour  of  the  flesh  or  skin  of  the  fruit,  unimportant  as  theise 
characters  are  considered,  would  have  rigorously  determine<l 
their  existence. 

Liability  to  the  attacks  of  parasites  is  also  connected  with 
colour.  White  chickens  are  certainly  more  subject  than  dark- 
coloured  chickens  to  the  gapes,  which  is  caused  by  a  parasitic 
worm  in  the  trachea. ^^  On  the  other  hand,  experience  hus 
shown  that  in  France  the  caterpillars  which  produce  white 
cocoons  resist  the  deadly  fungus  better  than  those  producing 
yellow  cocoons."  Analogous  facts  have  been  observed  with 
plants:  a  new  and  beautiful  white  onion,  imported  from 
France,  though  planted  close  to  other  kinds,  was  alone  attacke<l 
by  a  parasitic  fungus.^*  VV  hite  verbenas  are  especially  liable 
to  mildew. ^3    Near  Malaga,  during  an  early  period  of  the  vine- 

'  Youatt  on  the  Dog,  p.  232.  379. 

*  'The    Fruit-ti^es     of   America,'  "  Qua trefages, 'Maladies Actuellea 
1845,  p.  270 :  fur  peaches,  p.  466.  du  Ver  i  S4»ie,'  1859,  pp.  12,  214. 

*  'Froc.   Uojal   Soc.   of  Arts  and  "  'Gardener's  Chroiu;;le,' 1851,  p. 
&i«nce:t     of    Maaritius/     1852,    p.  595. 

LUixr.  '^  *  Journal  of  Horticalture/  1862, 

*•  *  Gardener's  Chronicle/  1856,  p.       p.  4/6. 
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disease,  the  green  sorts  suffered  most ;  *'  and  rod  and  black 
grapes,  even  when  interwoven  with  the  sick  plants,  suffered 
not  at  all."  In  France  whole  groups  of  varieties  wore  com- 
paratively free,  and  others,  such  as  the  Chasselas,  did  not 
afford  a  single  fortunate  exception ;  but  I  do  not  know 
whether  any  correlation  between  colour  and  liability  to 
disease  was  here  observed.  ^^  In  a  former  chapter  it  was 
shown  how  curiously  liable  one  variety  of  the  strawberry  is 
to  mildew. 

It  is  certain  that  insects  regulate  in  many  cases  the  range 
and  even  the  existence  of  the  higher  animals,  whilst  living 
under  their  natural  conditions.  Under  domestication  light- 
coloured  animals  suffer  most :  in  Thuringia  ^'  the  inhabitants 
do  not  like  grey,  white,  or  pale  cattle,  because  they  are  much 
more  troubled  by  various  kinds  of  Oies  than  the  brown,  red, 
or  black  cattle.  An  Albino  negro,  it  has  been  remarked,'* 
was  peculiarly  sensitive  to  the  bites  of  insects.  In  the  West 
Indies  ^^  it  is  said  that  '*  the  only  homed  cattle  fit  for  work 
"  are  those  which  have  a  good  deal  of  black  in  them.  The 
"  white  are  terribly  tormented  by  the  insects ;  and  they  are 
**  weak  and  sluggish  in  proportion  to  the  white.'* 

In  Devonshire  there  is  a  prejudice  against  white  pigs, 
because  it  is  believed  that  the  sun  blisters  them  when  turned 
out ;  ^"  and  I  knew  a  man  who  would  not  keep  white  pigs  in 
Kent,  for  the  same  reason.  The  scorching  of  flowere  by  the 
sun  seems  likewise  to  depend  much  on  colour;  thus,  dark 
pelargoniums  suffer  most ;  and  from  various  account4S  it  is 
clear  that  the  cloth-of-gold  variety  will  not  withstand  a 
degree  of  exposure  to  sunshine  which  other  varieties  enjoy. 
Another  amateur  asserts  that  not  only  all  dark-coloured 
verbenao,  but  likewise  scarlets,  suffer  from  the  sun :  *'  the 
paler  kinds  stand  better,  and  pale  blue  is  perhaps  the  best  of 
all.''      So  again  with  the    heartsease   {Viola  tricolor);   hot 

>«  <Oanlener's    Chronicle,'     1852,  in   West  iDdiea,'    'Uobm    and    Col. 

pp.  435,  691.  Library/  p.  100. 

>*  Bech8tein,*Naturgesch.DeaU€h-  *•  Sidney's  edit,  of  Youiitt  on  tho 

Inndd,'  1801,  B.  i.  s.  310.  Pig,  p.  24.      I  hare  giren  analogous 

**  Prichard,  *  Phys.  Hist,  of  Man-  facts  in  the  eaae  of  mankind  :a  my 

kind,'  1851,  yol.  i.  p.  224.  *  Descent  of  Man,'  2ad  edit.  p.  19&. 

^'  G.  Lewis's  *  Jcurnal  of  Residence 
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weather  suits  the  blotched  sorts,  wliilst  it  deciiroys  the  bean- 
tiful  markings  of  some  other  kinds.^'  During  one  extn^mely 
cold  season  in  Holland  all  red^flowerad  hyacinths  were 
observed  to  be  very  inferior  in  quality.  It  is  believed  by 
many  agriculturists  that  red  wheat  is  hardier  in  northern 
climates  than  white  wheat.^ 

With  animals,  white  varieties  from  being  conspicuous  are 
the  most  liable  to  be  attacked  by  beasts  and  birds  of  prey. 
In  parts  of  Fi-ance  and  Germany  where  hawks  abound,  persons 
are  advised  not  to  keep  white  pigeons ;  for,  as  Farmentier 
says,  "  it  is  certain  that  in  a  flock  the  white  always  firat  fall 
%rictims  to  the  kite.**  In  Belgium,  where  so  many  societies 
have  been  established  for  the  flight  of  carrier-pigeons,  white 
is  the  one  colour  which  for  the  same  reason  is  disliked.^^ 
Prof.  G.  Jaeger^  whilst  fishing  found  four  pigeons  which 
had  been  killed  by  hawks,  and  all  were  white;  on  another 
occasion  he  examined  the  eyrie  of  a  hawk,  and  the  feathers  of 
the  pigeons  which  had  been  caught  were  all  of  a  white  or 
yellow  colour.  On  the  other  hand,  it  is  said  that  the  sea- 
eagle  {Falco  ouifragM^  Linn.)  on  the  west  coast  of  Ireland 
picks  out  the  black  fowls,  so  that  '*  the  villagers  avoid  as 
much  as  possible  rearing  birds  of  that  colour."  M.  Daudin,^^ 
speaking  of  white  rabbits  kept  in  warrens  in  Bussia,  remarks 
that  their  colour  is  a  great  disadvantage,  as  they  are  thus 
more  exposed  to  attack,  and  can  be  seen  during  bright 
nights  from  a  distance.  A  gentleman  in  Kent,  who  failed 
to  stock  his  woods  with  a  nearly  white  and  hardy  kind  of 
rabbit,  accounted  in  the  same  manner  for  their  early  dis- 
appearance. Any  one  who  will  watch  a  white  cat  prowling 
after  her  prey  will  soon  perceive  under  what  a  disadvantage 
she  lies. 

The  white  Tartarian  cherry,  "  owing  either  to  its  colour 

»  <  Journal  of  Horticultnre,'  1862,  Feb.  25,  1865.   With  respect  to  black 

pp.  476,  498 ;  1865,  p.  460.     With  fowl?,  »ee  a  quotation  in  Thompson's 

respect  to  the  heartsease, '  Gardener's  *  Nat.  Hist,  of  Ireland,'  1849,  vol.  ?. 

Chronicle,'  1863,  p.  628.  p.  22. 

**  *Des  Jacinthes,de  lenr  Culture,'  **  Mn     Sachen     Darwin's     contra 

1768,  p.  53 :  on  wheat,  *  Gardener*s  Wigand,'  1874,  p.  70. 

ChroDicle,'  1846,  p.  653.  *'  *  Bull,    de  la  See.  d'AocHmnt./ 
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1  eing  ao  mncli  like  that  of  the  leaves,  or  to  the  fruit  always 
appearing  from  a  distance  unripe,"  is  not  so  readily  attacked 
by  birds  as  other  sorU.  The  yellow-fruited  raspbeiTy,  which 
j^onerally  comes  nearly  true  by  seed,  *'  is  very  little  molested 
by  birds,  who  evidently  are  not  fond  of  it ;  so  that  nets  may 
l)e  dispensed  with  in  places  where  nothing  else  will  protect 
the  red  fruit."^*  This  immunity,  though  a  benefit  to  the 
gardener,  would  be  a  disadvantage  in  a  state  of  nature  both 
to  the  cherry  and  raspberry,  as  dissemination  depends  on 
birds.  I  noticed  during  several  winters  that  some  trees  of 
the  yellow-berried  holly,  which  wore  raised  from  seed  from  a 
tree  found  wild  by  my  father  remained  covered  with  fruit, 
whilst  not  a  pcarlet  berry  could  be  seen  on  the  adjoining  trees 
of  the  common  kind.  A  friend  informs  me  that  a  mountain- 
ash  (Pyrtw  aucuparid)  growing  in  his  garden  bears  berries 
which,  though  not  differently  coloured,  are  always  devoured 
by  birds  before  those  on  the  other  trees.  This  variety  of 
the  mountain-ash  would  thus  be  more  freely  disseminated, 
and  the  yellow-berried  variety  of  the  holly  less  freely,  than 
the  common  varieties  of  these  two  trees. 

Independently  of  colour,  trifling  differences  are  sometimes 
found  to  be  of  importance  to  plants  under  cultivation,  and 
would  be  of  paramount  importance  if  they  had  to  fight  their 
own  battle  and  to  struggle  with  many  competitors.  The 
thin-shelled  peas,  called  pots  mns  parchrmin,  are  attacked  by 
birds  '*  much  more  commonly  than  ordinary  peas.  On  the 
other  hand,  the  purple-podded  pea,  which  has  a  hard  shell, 
escaped  the  attacks  of  tomtits  (^Parus  major)  in  my  garden  far 
Itetter  than  any  other  kind.  The  thin-shelled  walnut  like- 
wise suffers  greatly  from  the  tomtit.^'  I'hese  same  birds 
have  been  observed  to  pass  over  and  thus  favour  the 
filbert,  destroying  only  the  other  kinds  of  nuts  which  grew 
in  the  enme  orchard.^^ 

Certain  varieties  of  the  pear  have  soft  bark,  and  these 
suffer   severely  from    wood  -  boring   beetles ;     whilst  other 

«*  'Transact.  Hort.  Soc,'  ▼ol.  i.  2iid  "  <Ganlener*8  Chronicle,'  1843,  p 

series,  18.J5,  p.  275.    For  raspberries,  806. 
ft«  'Gard.  Chronicle,'  1835,  p.   154,  ••  ibid.,  1850,  p.  732. 

and  18J3,  p.  243.  "  Ibid.,  1860,  p.  956. 
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varieties  are  known  to  resist  their  attacks  much  lietter.^*  In 
Korth  America  the  smoothness,  or  absence  of  down  on  the 
fruit,  makes  a  great  dififerenoe  in  the  attacks  of  the  weevil, 
**  which  is  the  uncompromising  foe  of  all  smooth  stone-fruits  :" 
and  the  cultivator  *'  has  the  frequent  mortification  of  seeing 
nearly  all,  or  indeed  often  the  whole  crop,  fall  from  the  trees 
when  half  or  two-thirds  grown."  Hence  the  nectarine 
suffers  more  than  the  peach.  A  particular  variety  of  the 
Morello  cherry,  raised  in  North  America,  is,  without  any 
assignable  cause,  more  liable  to  be  injured  by  this  same  insect 
than  other  cherry-trees.'*  From  some  unknown  cause,  certain 
varieties  of  the  apple  enjoy,  as  we  have  seen,  the  great  ad- 
vantage in  various  parts  of  the  world  of  not  being  infested  by 
the  coccus.  On  the  other  hand,  a  particular  ca^e  has  been  re- 
corded in  which  aphides  confined  themselves  to  the  V\  inter  Nelis 
|)ear  and  touched  no  other  kind  in  an  extensive  orchard.^®  The 
existence  of  minute  glands  on  the  leaves  of  peaches,  nectarines, 
and  apricots,  would  not  be  esteemed  by  botanists  as  a  charac- 
ter of  the  least  importance,  for  they  are  present  or  absent  in 
closely-related  bub- varieties,  desrdnded  from  the  same  parent- 
tree  ;  yet  there  is  good  evidence  ^^  that  the  absence  of 
glands  leads  to  mildew,  which  is  highly  injurious  to  these 
trees. 

A  difference  either  in  flavour  or  in  the  amount  of  nutriment 
in  certain  varieties  causes  them  to  be  more  eagerly  attacked 
by  various  enemies  than  other  vaiieties  of  the  same  species. 
Bullfinches  (Pyrrkula  vulgaris)  injure  our  fruit-trees  by 
devouring  the  flower-buds,  and  a  pair  of  these  birds  have 
been  seen  *'  to  denude  a  large  plum-tree  in  a  couple  of  da^-s  of 
almost  every  bud ;"  but  certain  varieties*^  of  the  apple  and 
thorn  {CrcLkegus  oxyacaniha)  are  more  especially  liable  to 
1)0  attacked.  A  striking  instance  of  this  was  observed  in 
Mr.  Kivers's  garden,  in   which  two  rows  of  a   particular 

■•  J.   De  Jonghe,  in    'Gardener's  "  'Journal  gf  HortScultnre,*  S«|.t. 

Chronicle,*!  860,  p.  1*20.  26th,    1865,  p.  254;    aee  other  rc- 

«•  Downing,  *  Fruit-trees  of  North  ferenoes  given  in  chap.  x. 

America,'  pp.  l66,  501 :  in  regard  to  *  Mr.  Selb^,  in  'Mag.  of  Zoology 

the  cherry,  p.  198.  and  Botany',  Edinburgh,  toI.  li.,  l8Ja» 

••  •  Gardener's  Chronicle,'  1849,  p.  p.  39J. 
7&5. 


218  8ELECTI0K.  Cbaf.  XXI 

variety  of  plum**  had  to  be  careftilly  protected,  as  they  were 
usually  stripped  of  all  their  buds  during;  the  winter,  whilst 
other  sorts  growing  near  them  escaped.  The  root  (or  en- 
larged stem)  of  Laing's  Swedish  turnip  is  preferred  by  hares, 
and  therefore  suffers  more  than  other  varieties.  Hares  and 
rabbits  eat  down  common  rye  before  St.  John's-day-rye, 
when  both  grow  together.**  In  the  south  of  France,  when 
an  orchard  of  almond-trees  is  formed,  the  nuts  of  the  bitter 
variety  are  sown,  "  in  order  that  they  may  not  be  devoured 
by  field-mice;"**  so  we  see  the  use  of  the  bitter  principle 
in  almonds. 

Other  slight  differences,  which  would  be  thought  quite 
unimportant,  are  no  doubt  sometimes  of  great  service  both 
to  plants  and  animals.  The  Whitesmith's  gooseberry,  as 
formerly  stated,  produces  its  leaves  later  than  other  varieties, 
and,  as  the  flowers  are  thus  left  unprotected,  the  fruit 
often  fails.  In  one  variety  of  the  cherry,  according  to  Mr. 
Hivers,*^  the  petals  are  much  curled  backwards,  and  in  con- 
sequence of  this  the  stigmas  were  observed  to  be  killed  by 
a  severe  frost ;  whilst  at  the  same  time,  in  another  variety 
with  incurved  petals,  the  stigmas  were  not  in  the  least 
injured.  The  straw  of  the  Fenton  wheat  is  remarkably  un- 
equal in  height;  and  a  competent  observer  believes  that 
this  variety  is  highly  productive,  partly  because  the  ears 
from  being  distributed  at  various  heights  above  the  ground 
are  less  crowded  together.  The  same  observer  maintains  that 
in  the  upright  varieties  the  divergent  awns  are  serviceable  by 
breaking  the  shocks  when  the  ears  are  dashed  together  by  the 
wind.*^  If  several  varieties  of  a  plant  aijB  grown  together, 
and  the  seed  is  indiscriminately  harvested,  it  is  clear  that  the 
hardier  and  more  productive  kinds  will,  by  a  sort  of  natural 
selection,  gradually  prevail  over  the  others ;  this  takes  place, 
as  Colonel  Le  Couteur  believes,  *^  in  our  wheat-fields,  for,  as 

»  The    Reine    CHande    de  Bavay,  **  Godron,  <  De  TEsp^,'  torn.  ii.  p. 

'Jouroal  of  Horticulture,'  D«3.  27,  98. 

18S4,  p.  511.  *•  *  Gardener's  Chron.,'  1 96G,  p.  732. 

**  Mr.    Pusey,  in  'Journal  c'  .^  "  *  Gardener's  Chronicle,' 1862,  jjx 

Agricult.  Soc,'  rol.  vi.  p.  179.     For  S»0,  821. 

Swedish  turnips,  lee  '  Gard.  Chron^  **  '  On  the  Varieties  of  Wheat/  p. 

1847,  p.  91.  ^9. 
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formerly  shown,  no  Tariety  is  quite  uniform  in  character. 
The  same  thing,  as  I  am  assured  by  nurserymen,  wotild  take 
place  in  our  flower-gardens,  if  the  seed  of  the  diiforeut 
varieties  were  not  separately  saved.  When  the  eggs  of  the 
wild  and  tame  duck  are  hatched  together,  the  young  wild 
ducks  almost  invariably  perish,  from  being  of  smaller  size 
and  not  getting  their  fair  share  of  food.'* 

Facts  in  sufficient  number  have  now  been  given  showing 
that  natural  selection  often  checks,  but  occasionally  favours, 
man's  power  of  selection.  These  facts  teach  us,  in  addition, 
a  valuable  lesson,  namely,  that  we  ought  to  be  extremely 
cautious  in  judging  what  characters  are  of  importance  in  a 
state  of  nature  to  animals  and  plants,  which  have  to  struggle 
for  existence  from  the  hour  of  their  birth  to  that  of  theii 
death, — their  existence  depending  on  conditions,  about  which 
we  are  profoundly  ignorant. 

CircuvMiancei  favourable  to  Selection  by  Man. 

The  possibility  of  selection  rests  on  variability,  and  this,  as 
we  shall  see  in  the  following  chapters,  mainly  depends  on 
changed  conditions  of  life,  but  is  governed  by  infinitely  com- 
plex and  unknown  laws.  Domestication,  even  when  long 
continued,  occasionally  causes  but  a  small  amount  of  varia- 
bility, as  in  the  case  of  the  goose  and  turkey.  The  slight 
differences,  however,  which  characterise  each  individual 
animal  and  plant  would  in  most,  probably  in  all,  cases  suffice 
for  the  production  of  distinct  races  through  careful  and  pro- 
longed selection.  We  see  what  selection,  though  acting  on 
mere  individual  differences,  can  effect  when  families  of  cattle, 
sheep,  pigeons,  (fee,  of  the  same  race,  have  been  separately 
bred  during  a  number  of  years  by  different  men  without  any 
wish  on  their  part  to  modify  the  breed.  We  see  the  same 
fact  in  the  difference  between  hounds  bred  for  hunting  in 
different  districts,^^  and  in  many  other  such  oases. 

In  order  that  selection  should  produce  any  result,  it  is 
manifest  that  the  crossing  of  distinct  races  must  be  prevented ; 
hence  facility  in  pairing,  as  with  the  pigeon,  is  highly 

**  Mr.  Hewitt  and  others,  in  '  Jour-  *^  '  Encjclop.  of  Rural  Sports,'  p. 

nal  cf  Hort./  1862,  p.  773.  405. 
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favourable  for  the  work";  and  difficulty  in  pairing,  as  witL 
cats,  prevents  the  formation  of  distinct  breeds.  On  nearly 
the  samf.  principle  the  cattle  of  the  small  island  of  Jersey 
have  been  improved  in  their  milking  qualities  **with  a 
rapidity  that  could  not  have  been  obtained  in  a  widely 
ext<ended  country  like  France."  ^^  Although  free  crossing 
is  a  danger  on  the  one  side  which  every  one  can  see,  too  close 
interbreeding  is  a  hidden  danger  on  the  other  side.  Un- 
favourable conditions  of  life  overrule  the  power  of  selection. 
Our  improved  heavy  breeds  of  cattle  and  sheep  could  not 
have  been  formed  on  mountainous  pastures ;  nor  could  dray- 
horses  have  been  raised  on  a  barren  and  inhospitdble  land, 
such  as  the  Falkland  Islands,  where  even  the  light  horses  of 
La  Plata  rapidly  decrease  in  size.  It  seems  impossible  to 
preserve  several  English  breeds  of  sheep  in  France;  for  as 
soon  as  the  lambs  are  weaned  their  vigour  decays  as  the  heat 
of  the  summer  increases  :^^  it  would  be  impossible  to  give 
gi'eat  length  of  wool  to  sheep  within  the  tropics;  yet 
selection  has  kept  the  Merino  breed  nearly  true  under  diver- 
sified and  unfavourable  conditions.  The  power  of  selection 
is  so  great,  that  breeds  of  the  dog,  sheep,  and  poultry,  of  the 
largest  and  smallest  size,  long  and  short  beaked  pigeons,  and 
other  breeds  with  opposite  characters,  have  had  their  charac- 
teristic qualities  augmented,  though  treated  in  every  way 
alike,  being  exposed  to  the  same  climate  and  fed  on  the  same 
food.  Selection,  however,  is  either  checked  or  favoured  by 
the  effects  of  use  or  habit.  Our  wonderfully-improved  pigs 
could  never  have  been  formed  if  they  had  been  forced  to 
search  for  their  own  food ;  the  English  race-horse  and  grey- 
hound could  not  have  been  improved  up  to  their  present  high 
standard  of  excellence  without  constant  training. 

As  conspicuous  deviations  of  structure  occur  rarely,  the 
improvement  of  each  breed  is  generally  the  result  of  the 
selection  of  slight  individual  differences.  Hence  the  closest 
attention,  the  sharpest  powers  of  observation,  and  indomitable 
perseverance,  are  indispensable.     It  is,  also,  highly  impoi*tant 

*■  Col.  Le  Couteur,  *  Journal  Roy.       Agricult.Soc/ vol.  xiv.,  18u3.|»p.  21j, 
Agricult.  Soc./  vol.  iv.  p.  43.  'J  17. 

^  ^lalloxie- Nouel,      Journal     K. 
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vhat  many  indiTiduals  of  the  breed  which  is  to  be  improvod 
should  be  raised ;  for  thus  there  will  be  a  better  chance  of  the 
appearance  of  variationB  in  the  right  direction,  and  individuaLi 
varying  in  an  nnfaronrable  manner  may  be  freely  rejected  or 
destroyed.  Bnt  that  a  large  number  of  individuals  eJiould  be 
raised,  it  is  necessary  that  the  conditions  of  life  should  favour 
the  propagation  of  the  species.  Had  the  pv>aoock  been  reared 
as  easily  as  the  fowl,  we  should  probably  ere  this  have  had 
many  distinct  races.  We  see  the  importance  of  a  large 
number  of  plants,  from  the  fact  of  nursery  gardeners  almost 
always  beating  amateurs  in  the  exhibition  of  new  varieties. 
In  1845  it  was  estimated «'  that  between  4000  and  5000 
pelargoniums  were  annually  raised  from  seed  in  England,  yet 
a  decidedly  improved  variety  is  rarely  obtained.  At  Messrs. 
Carter's  grounds,  in  Essex,  where  such  flowers  as  the  Lobelia, 
Nemophila,  Mignonette,  &c.,  are  grown  by  the  acre  for  seed, 
**  scarcely  a  season  passes  without  some  new  kinds  being 
raised,  or  some  improvement  effected  on  old  kinds."**  At 
Kew,  as  Mr.  Beaton  remarks,  where  many  seedlings  of  common 
plants  are  raised,  **  you  see  new  forms  of  Laburnums,  SpiricaH, 
and  other  shrubs.**  *^  So  with  animals :  Marshall,*^  in  speak- 
ing of  the  sheep  in  one  part  of  Yorkshire,  remarks,  **  as  they 
belong  to  poor  people,  and  are  mostly  in  small  lots,  they  never 
can  be  improved."  Lord  Kivers,  when  asked  how  he  suc- 
ceeded in  always  having  first-rate  greyhounds,  answered,  *'  I 
breed  many,  and  hang  many."  This,  as  another  man  remarks, 
*'  was  the  secret  of  his  success  ;  and  the  same  will  be  found  in 
exhibiting  fowls, — suooessful  competitors  breed  largely,  and 
keep  the  liest."  *» 

It  follows  from  this  that  the  capacity  of  breeding  at  an 
early  age  and  at  short  intervals,  as  with  pigeons,  rabbits,  <&o. 
facilitates  selection  ;  for  the  result  is  thus  soon  made  visible, 
and  perseverance  in  the  work  encouraged.  It  can  hardly  1)6 
an  a-'cident  that  the  great  majority  of  the  culinary  and  agri- 
cultural plants  which  have  yielded  numerous  races  are  annuals 

«*  'Gardener's  Chronicle,' 1845,  p.  36S. 
273.  *•  *  A  Reyiew  of  Report*,'  1808,  p 

««  'Jounul  of  Horticaltnre,'  1862,  406. 
p.  157.  *^  '  Gardener's  Chronicle,'  1853,  p. 

**  'Cottage    Gardener,'    1860,    p.  45. 
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or  bietmials,  which  therefore  are  capable  of  rapivl  propagatioa, 
and  thus  of  improvement.  Sea-kale,  asparagua,  common  and 
Jerusalem  artichokes,  potatoes,  and  onions,  must  be  excepted, 
as  they  are  perennials :  but  onions  are  propagated  like  annuals, 
and  of  the  other  plants  just  specified,  none,  with  the  exception 
of  the  potato,  have  yielded  in  this  country  more  than  one  or 
two  yarieties.  In  the  Mediterranean  region,  where  artichokes 
are  often  raised  from  seed,  there  are  several  kinds,  as  I  hear 
from  Mr.  Bentham.  No  doubt  fruit-trees,  which  cannot  be 
propagated  quickly  by  seed,  hare  yielded  a  host  of  varieties, 
though  not  permanent  races;  but  these,  judging  from  pre- 
historic remains,  have  been  produced  at  a  comparatively  late 
period. 

A  species  may  be  highly  variable,  but  distinct  races  will 
not  be  formed,  if  from  any  cause  selection  be  not  applied.  It 
would  be  difficult  to  select  slight  variations  in  fishes  from 
their  place  of  habitation ;  and  though  the  carp  is  extremely 
variable  and  is  much  attended  to  in  Germany,  only  one  well- 
marked  race  has  been  formed,  as  I  hear  from  Lord  A.  Russell, 
namely  the  $piegel-carpe ;  and  this  is  carefully  secluded  from 
the  common  scaly  kind.  On  the  other  hand,  a  closely  allied 
species,  the  gold-fish,  from  being  reared  in  small  vessels,  and 
from  having  been  carefully  attended  to  by  the  Chinese,  has 
yielded  mauy  races.  Neither  the  bee,  which  has  been  semi- 
domesticated  from  an  extremely  remote  period,  nor  the  cochi- 
neal insect,  which  was  cultivated  by  the  aboriginal  Mexicans.^^ 
has  }deldod  races ;  and  it  would  be  impossible  to  match  the 
queen-bee  with  any  particular  drone,  and  most  difficult  to 
match  cochineal  insects.  Silk-moths,  on  the  other  hand,  have 
been  subjected  to  rigorous  selection,  and  have  produced  a  host 
of  races.  Cats,  which  from  their  nocturnal  habits  cannot  be 
selected  for  breeding,  do  not,  as  formerly  remarked,  yield  dis- 
tinct races  within  the  same  country.  Dogs  are  held  in 
abomination  in  the  East,  and  their  breeding  is  neglected; 
consequently,  as  Prof.  Moritz  Wagner^*  remarks,  one  kind 
alone  exists  there.     The  ass  in  England  varies  much  in 

^  Isidore    OeofTroj   Sai  it-Hilaire,  **  '  Die  Darwia'sche  Theorie  tind  das 

'  Hist.  X:it.  Gen.,' torn.  iii.  p  49.    *  On       Mi.i^rationsgesetz    der     OrganUmeB, 
the  Cochineal  Insect,'  p.  46  18d8,  p.  19. 
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colour  and  size ;  but  as  it  is  an  animal  of  little  value  and 
bred  by  poor  people,  there  has  been  no  selection,  and  distinct 
races  hare  not  been  formed.  We  must  not  attribute  the 
inferiority  of  our  asses  to  climate,  for  in  India  they  are  of 
even  smaller  size  than  in  Europe.  But  when  selection  is 
brought  to  bear  on  the  ass,  all  is  changed.  Near  Cordova,  as  I 
am  informed  (Feb.  1860)  by  Mr.  W.  E.  Webb,  C.E.,  they  are 
carefully  bred,  as  much  as  2002.  having  been  paid  for  a 
stallion  ass,  and  they  have  been  immensely  improved.  In 
Kentucky,  asses  have  been  imported  (for  breeding  mules) 
from  Spain,  Malta,  and  France ;  these  "  seldom  averaged 
more  than  fourteen  hands  high :  but  the  Kentuckians,  by 
great  care,  have  raised  them  up  to  fifteen  hands,  and  some- 
**  times  even  to  sixteen.  The  prices  paid  for  these  splendid 
**  animals,  for  such  they  really  are,  will  prove  how  much  they 
''  are  in  request  One  male,  of  great  celebrity,  was  sold  for 
"  upwards  of  one  thousand  pounds  sterling."  These  choice 
asses  are  sent  to  cattle-shows,  a  day  being  given  for  their 
exhibition.*" 

Analogous  facts  have  been  observed  with  plants:  the 
nutmeg-tree  in  the  Malay  archipelago  is  highly  variable,  but 
there  has  been  no  selection,  and  there  are  no  distinct  races.*  ^ 
The  common  mignonette  (Beseda  adorata),  from  bearing  in- 
conspicuous flowers,  valued  solely  for  their  fragrance,  '*  remains 
*'  in  the  same  unimproved  condition  as  when  first  intro- 
"duced."*"  Our  common  forest-trees  are  very  variable,  as 
may  be  seen  in  every  extensive  nursery-ground ;  but  as  they 
are  not  valued  like  fruit-trees,  and  as  they  seed  late  in  life, 
no  selection  has  been  applied  to  them ;  consequently,  as  Mr. 
Patrick  Matthews  remarks,*^  they  have  not  yielded  distinct 
races,  leafing  at  different  periods,  growing  to  different  sizes, 
and  producing  timber  fit  for  different  purposes.  We  have 
gained  only  some  fanciful  and  semi-monstrous  varieties, 
which  no  doubt  appeared  suddenly  as  we  now  see  them. 
Some  botanists  have  argued  that  plants  cannot  have  so 

**  Capt.  Marryat,  quoted  by  Blyth  645. 
in  *Joam.  Asiatic  Soc   of  Bengal,'  **  Mr.  Abbey,  in  '  Jowrnal  of  Horti- 

Tol.  izTiii.  p.  229.  CTi\tnre,'  Dec.  1,  1863,  p.  430. 

"  Mr.    6s!.«y,    'Journal    of   the  »"  *0n  Naval  Timber,'   1831,    p 

ladian  Archipelago,'  vol.  ii.,  1849  p.  107. 
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Rtrong  a  tendency  to  rary  as  is  generally  suppoeed,  because 
many  .species  long  grown  in  botanic  gardens,  or  unintention- 
ally cultivated  year  after  year  mingled  with  our  corn  crops, 
have  not  produced  distinct  races ;  but  this  is  accounted  for 
by  slight  variations  not  having  been  selected  and  propagated. 
Lot  a  plant  which  is  now  grown  in  a  botanic  garden,  or  any 
common  weed,  be  cultivated  on  a  large  scale,  and  let  a  sharp- 
sighted  gardener  look  out  for  each  slight  variety  and  sow  the 
seed,  and  then,  if  distinct  races  are  not  produced,  the  argument 
will  be  valid. 

The  importance  of  selection  is  likewise  shown  by  consider- 
ing special  characters.  For  instance,  with  most  breeds  of 
fowls  the  form  of  the  comb  and  the  colour  of  the  plumage 
have  been  attended  to,  and  are  eminently  characteristic  of 
each  race;  but  in  Dorkings,  fashion  has  never  demanded 
uniformity  of  comb  or  colour ;  and  the  utmost  diversity  in 
these  respecte  prevails.  Rose-combs,  double-combs,  cup-combe, 
&c,,  and  colours  of  all  kinds,  may  be  seen  in  purely  bred  and 
closely  related  Dorking  fowls,  whilst  other  points,  such  as 
the  general  form  of  body,  and  the  presence  of  an  additional 
toe,  have  been  attended  to,  and  are  invariably  present.  It 
has  also  been  ascertained  that  colour  can  be  fixed  in  this 
breed,  as  well  as  in  any  other.** 

During  the  formation  or  improvement  of  a  breed,  its 
members  will  always  be  found  to  vary  much  in  those 
characters  to  which  especial  attention  is  directed,  and  of 
which  each  slight  improvement  is  eagerly  s  iiight  and  selected. 
Thus,  with  short-faced  tumbler-pigeons,  the  shot  tnes  4  of  the 
l^eak,  shape  of  head  and  plumage, — with  canders,  the  length 
of  the  beak  and  wattle, — with  fantails,  the  tail  and  carriage, 
— with  Spanish  fowls,  the  white  face  and  comb, — with  long- 
eared  rabbite,  the  length  of  ear,  are  all  points  which  are 
eminently  variable.  So  it  is  in  every  case ;  and  the  large 
price  paid  for  first-rate  animals  proves  the  difficulty  of  breed- 
ing them  up  to  the  highest  standard  of  excellence.  This 
subject  has  been  discussed  by  fanciers,*^*  and  the  greater 

"  Mr.  Bailj,  in*  The  Poultry  Chro-  "  'Cottage  Gardener,'  1855,   Do- 

nicie,'  Tol.  it.,  1854,  p.    150.    Also       ceiober,  p.  171;  1856,  January,  pp^ 
rol.  i.  p.  342 ;  vol.  iii.  p.  245.  248,  323. 


CIUP.  XXL  CABBIED  TO  AK  EXTBSME.  225 

prisses  given  for  liighly  improved  breeds,  in  comparison  with 
those  given  for  old  breeds  which  are  not  now  undergoing 
rapid  improvement,  have  been  fully  justified.  Nathusius 
makes  ^*  a  similar  remark  when  discussing  the  less  uniform 
character  of  improved  Shorthorn  cattle  and  of  the  English 
horse,  in  comparison,  for  example,  with  the  unennobled  cattle 
of  Hungary,  or  with  the  horses  of  the  Asiatic  steppes.  This 
want  of  uniformity  in  the  parts  which  at  the  time  are  under- 
going selection  chiefly  depends  on  the  strength  of  the  prin- 
ciple of  reversion;  but  it  likewise  depends  to  a  certain 
extent  on  the  continued  variability  of  the  parts  which  have 
recently  varied.  That  the  same  parts  do  continue  varying 
in  the  same  manner  we  must  admit,  for  if  it  were  not  so, 
there  could  be  no  improvement  beyond  an  early  standard  of 
excellence,  and  we  know  that  such  improvement  is  not  only 
possible,  but  is  of  general  occurrence. 

As  a  consequence  of  continued  variability,  and  more  espe- 
cially of  reversion,  all  highly  improved  races,  if  neglected  or 
not  subjected  to  incessant  selection,  soon  degenerate.  Youatt 
gives  a  curious  instance  of  this  in  some  cattle  formerly  kept 
in  Glamorganshire ;  but  in  this  case  the  cattle  were  not  fed 
with  sufficient  care.  Mr.  Baker,  in  his  memoir  on  the  Horse, 
sums  up:  ^*It  must  have  been  observed  in  the  preceding 
*'  pages  that,  whenever  there  has  been  neglect,  the  breed  has 
"  proportionally  deteriorated."  *^  If  a  considerable  number 
of  improved  cattle,  sheep,  or  other  animals  of  the  same  race, 
were  allowed  to  breed  freely  together,  with  no  selection,  but 
with  no  change  in  their  condition  of  life,  there  can  be  no 
doubt  that  after  a  score  or  hundred  generations  they  would 
be  very  far  from  excellent  of  their  kind ;  but,  from  what  we 
see  of  the  many  common  races  of  dogs,  cattle,  fowls,  pigeons, 
&c.,  which  without  any  particular  care  have  long  retained 
nearly  the  same  character,  we  have  no  grounds  for  believing 
that  they  would  altogether  depart  from  their  type. 

It  is  a  general  belief  amongst  breeders  that  characters  of 
all  kinds  become  fixed  by  long-continued  inheritanoe.    But  I 

**  <Ueber  Shorthorn  Bindvieh,'  720.  For  theGIaiDorgaiish:r«  cattlo, 
1857,  8.  51.  9ee  Yonatt  on  Cattle,  p.  31 

»'  •The  Veterinary,*  vol.   ziii.   p. 

VOL.  n.  Q 
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have  attempted  to  show  in  the  fourteenth  chapter  that  this 
belief  apparently  resolves  itself  into  the  following  proposition, 
namely,  that  all  characters  whatever,  whether  recently 
acquired  or  ancient,  tend  to  be  transmitted,  but  that  those 
which  have  already  long  withstood  all  counteracting  in- 
fluences, will,  as  a  general  rule,  continue  to  withstand  them, 
and  consequently  be  fiiithfully  transmitted. 

Tendenq/  in  Man  to  carry  the  practice  of  Selection  to  an  extreme 

point. 

It  is  an  important  principle  that  in  the  process  of  selection 
man  almost  invariably  wishes  to  go  to  an  extreme  point. 
Thus,  there  is  no  limit  to  his  desire  to  breed  certain  kinds  of 
horses  and  dogs  as  fleet  as  possiV.e,  and  others  as  strong  as 
possible;  certain  kinds  of  sheep  for  exti-eme  fineness,  and 
others  for  extreme  length  of  wool ;  and  he  wishes  to  produce 
fruit,  grain,  tubers,  and  other  useful  pai-ts  of  plants,  as  large 
and  excellent  as  possible.  With  animals  bred  for  amusement, 
the  same  principle  is  even  more  powerful ;  for  fashion,  as  we  see 
in  our  dress,  always  runs  to  extremes.  This  view  has  been 
expressly  admitted  by  fanciers.  Instances  were  given  in  the 
chapters  on  the  pigeon,  but  here  is  another :  Mr.  Eaton,  after 
describing  a  comparatively  new  variety,  namely,  the  Arch- 
angel, remarks,  **  What  fanciers  intend  doing  with  this  bird 
"  I  am  at  a  loss  to  know,  whether  they  intend  to  breed  it 
*'  down  to  the  tumbler's  head  and  beak,  or  carry  it  out  to  the 
**  carrier's  head  and  beak ;  leaving  it  as  they  found  it,  is  not 
•*  progressing."  Ferguson,  speaking  of  fowls,  says,  "  their 
*'  peculiarities,  whatever  they  may  be,  must  necessarily  be 
"  fully  developed :  a  little  peculiarity  forms  nought  but 
**  ugliness,  seeing  it  violates  the  existing  laws  of  symmetry.'* 
So  Mr.  Brent,  in  discussing  the  merits  of  the  sub-varieties  of 
the  Belgian  canary-bird,  remarks,  '*  Fanciers  always  go  to 
*'  extremes ;  they  do  not  admire  indefinite  properties."  ^^ 

This  principle,  which  necessarily  leads  to  divergence  of 
character,  explains  the  present  state  of  various  domestio 

.    «•  J.   M.    «atoii,  *A  TreatiM    on      Mr.   Brent,  in   'CotUge  Gardener/ 
Fancy  Pig  ions,'  p.  82;  Fergoson,  on       Oct.  I860,  p.  13. 
<Ejire  and  Prise  Punltrj,'  p.  162; 
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races.  We  oan  thus  see  how  it  is  that  raoe-horses  and  dray- 
horses,  greyhounds  and  mastiff,  which  are  opposed  to  each 
other  in  every  character, — how  varieties  so  distinct  as  Cochin- 
china  fowls  and  hantams,  or  carrier-pigeons  with  very  long 
beaks,  and  tumblers  with  excessively  short  beaks,  have  been 
derived  from  the  same  stock.  As  each  breed  is  slowly  im- 
proved, the  inferior  varieties  are  first  neglected  and  finally 
lost.  In  a  few  cases,  by  the  aid  of  old  records,  or  from  inter- 
mediate varieties  still  existing  in  countries  where  other 
fashions  have  prevailed,  we  are  enabled  partially  to  trace  the 
graduated  changes  through  which  certain  breeds  have  passed. 
Selection,  whether  methodical  or  unconscious,  always'tending 
towards  an  extreme  point,  together  with  the  neglect  and  slow 
extinction  of  the  intermediate  and  less-valued  forms,  is  the 
key  which  unlocks  the  mystery  of  how  man  has  produced 
such  wonderful  results. 

In  a  few  instances  selection,  guided  by  utility  for  a  single 
purpose,  has  led  to  convergence  of  character.  All  the  im- 
proved and  different  races  of  the  pig,  as  Nathusius  has  well 
shown,^*  closely  approach  each  other  in  character,  in  their 
shortened  legs  and  muzzles,  their  almost  hairless,  large, 
rounded  bodies,  and  small  tusks.  We  see  some  degree  of 
convergence  in  the  similar  outline  cf  the  body  in  well-bred 
cattle  belonging  to  distinct  races.^^  I  know  of  no  other  such 
cases. 

Continued  divergence  of  character  depends  on,  and  is  indeed 
a  dear  proof,  as  previously  remarked,  of  the  same  part«  con- 
tinuing to  vary  in  the  same  direction.  The  tendency  to  mere 
general  variability  or  plasticity  of  organisation  can  certainly 
bo  inherited,  even  from  one  parent,  as  has  been  shown  by 
Gartner  and  Kolreuter,  in  the  production  of  varying  hybrids 
from  two  species,  of  which  one  alone  was  variable.  It  is  in 
ittfclf  probable  that,  when  an  organ  has  varied  in  any  manner, 
it  will  again  vary  in  the  same  manner,  if  the  conditions  which 
first  caused  the  being  to  vary  remain,  as  far  as  can  be  judged, 
the  same.     This  is  either  tacitly  or  expressly  admitted  by  all 

**  *  Die  Racen  des  Schweines,'  1860,       head  by  M.  de  QoAtrefnges,  '  Unit«  d« 
1.  4S.  TLsp^e  UumainV  1861,  p.  1 1 9. 

"*  See  tome  good  remarks  on  thii 
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hortictilturists :  if  a  gardener  observes  one  or  two  additional 
2)etal8  in  a  flower,  ho  feels  confident  that  in  a  few  generations 
he  will  be  able  to  raise  a  double  flower,  crowded  with  petals. 
Some  of  the  seedlings  from  the  weeping  Moocas  oak  were  so 
prostrate  that  they  only  crawled  along  the  ground.  A  seedling 
from  the  fastigate  or  upright  Irish  yew  is  described  as  difler- 
ing  greatly  from  the  parent-form  **by  the  exaggeration  of 
the  fastigate  habit  of  its  branches."  '^  Mr.  Shirreff,  who  has 
been  highly  successful  in  raising  new  kinds  of  wheat,  remarks, 
'*  A  good  variety  may  safely  be  regarded  as  the  forerunner  of 
a  better  one."  ^'  A  great  rose-grower,  Mr.  Rivers,  has  made 
the  same  remark  with  respect  to  roses.  Sageret,^  who  had 
large  experience,  in  speaking  of  the  future  progress  of  fruit- 
trees,  observes  that  the  most  important  principle  is  "  that  the 
more  plants  have  departed  from  their  original  type,  the  more 
they  tend  to  depart  from  it."  There  is  apparently  much 
truth  in  this  remark ;  for  we  can  in  no  other  way  understand 
tbe  surprising  amount  of  difference  between  varieties  in  the 
parts  or  qualities  which  are  valued,  whilst  other  parts  retain 
nearly  their  original  character. 

The  foregoing  discussion  naturally  leads  to  the  question, 
what  is  the  limit  to  the  possible  amount  of  variation  in  any 
part  or  quality,  and,  consequently,  is  there  any  limit  to  what 
selection  can  effect  ?  Will  a  race-horse  ever  be  reared  fleeter 
than  Eclipse  ?  Can  our  prize-cattle  and  sheep  be  still  further 
improved?  Will  a  gooseberry  ever  weigh  more  than  that 
produced  by  "London"  in  1852?  Will  the  beet-root  in 
France  yield  a  greater  percentage  of  sugar?  Will  fature 
varieties  of  wheat  and  other  grain  produce  heavier  crops  than 
our  present  varieties  ?  These  questions  cannot  be  positively 
answered ;  but  it  is  certain  that  we  ought  to  be  cautious  in 
answering  them  by  a  negative.  In  some  lines  of  variation 
the  limit  has  probably  been  reached.  Touatt  believes  that 
the  reduction  of  bone  in  some  of  our  sheep  has  already  been 
carried  so  far  that  it  entails  great  delicacy  of  constitution.*^ 

•«  Verlot, « Des  Vari^Us,'  1865,  p.  •»  » Pomologie  Physiolog.,'  1830,  p. 

•4.  106. 

••  Mr.  Patrick  Shirreff,  in  <  Oaid.  •*  Yonatt  on  ShMp,  p.  531. 
Chronicle,'  1853,  p.  771. 
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But  seeing  the  great  improvement  within  recent  times  in  our 
cattle  and  sheep,  and  especially  in  our  pigs;  seeing  the 
wonderful  increase  in  weight  in  our  poultiy  of  all  kinds 
during  the  last  few  years;  he  would  be  a  bold  mnn  who 
would  assert  that  perfection  has  been  reached.  It  has  often 
been  said  that  Eclipse  never  was,  and  never  will  be,  beaten  in 
speed  by  any  other  horse;  but  on  making  inquiries  I  find 
that  the  beet  judges  believe  that  our  present  race-horses  are 
fleeter.  ^^  The  attempt  to  raise  a  new  variety  of  wheat  more 
productive  than  the  many  old  kinds,  might  have  been  thought 
until  lately  quite  hopeless;  but  this  has  been  effected  by 
Major  Hallett,  by  careful  selection.  With  respect  to  almost 
all  our  animals  and  plants,  those  who  are  best  qualified  to 
judge  do  not  believe  that  the  extreme  point  of  perfection  has 
yet  been  reached  even  in  the  characters  which  have  already 
been  carried  to  a  high  standard.  For  instance,  the  short- 
faced  tumbler-pigeon  has  been  greatly  modified ;  nevertheless, 
according  to  Mr.  Eaton,*^  *'  the  field  is  still  as  open  for  fresh 
competitors  as  it  was  one  hundred  years  ago."  Over  and 
over  again  it  has  been  said  that  perfection  had  been  attained 
with  our  flowers,  but  a  higher  standard  has  soon  been  reached. 
Hardly  any  fruit  has  been  more  improved  than  the  straw- 
herry,  yet  a  great  authority  remarks,*^  "it  must  not  be 
concealed  that  we  are  far  from  the  extreme  limits  at  which 
we  may  arrive." 

^o  doubt  there  is  a  limit  beyond  which  the  organisation 
cannot  be  modified  compatibly  with  health  or  life.  The 
extreme  degree  of  fleetness,  for  instance,  of  which  a  terrestrial 
animal  is  capable,  may  have  been  acquired  by  our  present 
race-horses;  but  as  Mr.  Wallace  has  well  remarked,^^  the 
question  that  interests  us,  "  is  not  whether  indefinite  and  un- 
"  limited  change  in  any  or  all  directions  is  possible,  but 
"  whether  such  differences  as  do  occur  in  nature  could  have 
"  been  produced  by  the  accumulation  of  varieties  by  selection." 
And  in  the  case  of  our  domestic  productions,  there  can  be  no 

•'See    also    Stonehenge,   *  British  Chron.,' 1858.  p.  173. 
Enral  SporU,' edttioD  of  1871,  p.  384.  *•  *  Contribations  to  the  Theory  of 

••  'A    Treatise    on    the    Almond  Natural  Selection,'  2nd  edit.,  187 1, 

Ttirabler,'  p.  i.  p.  292. 

••  M.    J.    de    Jonghe,    in  *rr.rL 


230  SELECTION.  Chap.  XXI 

doubt  that  many  parts  of  the  organisation,  to  which  man  has 
attended,  have  been  thus  modified  to  a  gi'eater  degree  than 
the  corresponding  parts  in  the  natnral  species  of  the  same 
genera  or  even  families.  We  see  this  in  the  form  and  size 
of  our  light  and  heavy  dogs  or  horses, — in  the  beak  and  many 
otlier  characters  of  our  pigeons,—  in  the  size  and  quality  of 
many  fruits, — in  comparison  with  the  species  belonging  to 
(he  same  natural  groups. 

lime  is  an  important  element  in  the  formation  of  our 
domestic  races,  as  it  permits  innumerable  individuals  to  be 
born,  and  these  when  exposed  to  diversified  conditions  are 
rendered  variable.  Methodical  selection  has  been  occasionally 
practised  from  an  ancient  period  to  the  present  day,  even  by 
semi-civilised  people,  and  during  former  times  will  have  pro- 
duced some  effect.  Unconscious  selection  will  have  been  still 
more  effective;  for  dtiring  a  lengthened  period  the  more 
valuable  individual  animals  will  occasionally  have  been 
saved,  and  the  less  valuable  neglected.  In  the  course  of  time, 
different  varieties,  especially  in  the  less  civilised  countries, 
will  also  have  been  more  or  less  modified  through  natural 
selection.  It  is  generally  believed,  though  on  this  head  we 
have  little  or  no  evidence,  that  new  characters  in  time  be- 
come fixed ;  and  after  having  long  remained  fixed  it  seems  pos- 
sible that  under  new  conditions  they  might  again  be  rendered 
variable. 

How  great  the  lapse  of  time  has  been  since  man  first  do- 
mesticated animals  and  cultivated  plants,  we  begin  dimly  to 
see.  When  the  lake-dwellings  of  Switzerland  were  inhabited 
during  the  Neolithic  period,  several  animals  were  already 
domesticated  and  various  plants  cultivated.  The  science  of 
language  tells  us  that  the  art  of  ploughing  and  sowing  the 
land  was  followed,  and  the  chief  animals  had  been  already 
domesticated,  at  an  epoch  so  immensely  remote,  that  the 
Sanskrit,  Greek,  Latin,  Gothic,  Celtic,  and  Sclavonic  languages 
had  not  as  yet  diverged  from  their  common  parent-tongue.** 

It  is  scarcely  possible  to  overrate  the  effects  of  selection 
occasionally  carried  on  in  various  ways  and  places  during 
ihousands  of  generations.     All  that  we  know,  and,  in  a  still 

**  Max  Muller,  *  Science  of  Language/  1861,  p.  223. 
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stronger  degn)e,  all  that  we  do  not  knowj^  of  the  history  of 
the  great  majority  of  our  breeds,  even  of  our  more  modern 
breeds,  agrees  with  the  view  that  their  production,  through 
the  aetion  of  unconscious  and  methodical  selection,  has  been 
almost  insensibly  slow.  When  a  man  attends  rather  more 
closely  than  is  usual  to  the  breeding  of  his  animals,  he  is 
almost  sure  to  improve  them  to  a  slight  extent.  They  are 
in  consequence  valued  in  his  immediate  neighbourhood,  and 
are  bred  by  others  ;  and  their  characteristic  features,  whatever 
these  may  be,  will  then  slowly  but  steadily  be  increased, 
sometimes  by  methodical  and  almost  always  by  unconscious 
selection.  At  last  a  strain,  deserving  to  be  called  a  sub-variety, 
becomes  a  little  more  widely  known,  receives  a  local  name, 
and  spreads.  The  spreading  will  have  been  extremely  slow 
during  ancient  and  less  civilised  times,  but  now  is  rapid. 
By  the  time  that  the  new  breed  had  assumed  a  somewhat 
distinct  character,  its  history,  hardly  noticed  at  the  time, 
will  have  been  completely  forgotten ;  for,  as  Low  remarks,"^ 
«« we  know  how  quickly  the  memory  of  such  events  is 
effaced." 

As  soon  as  a  new  breed  is  thus  formed,  it  is  liable  through 
the  same  process  to  break  up  into  new  strains  and  sub- 
varieties.  For  different  varieties  are  suited  for,  and  are 
valued  under,  different  circumstances.  Fashion  changes,  but, 
should  a  fashion  last  for  even  a  moderate  length  of  time^  so 
strong  is  the  principle  of  inheritance,  that  some  effect  will 
probably  be  impressed  on  the  breed.  Thus  varieties  go  on 
increasing  in  number,  and  history  shows  us  how  wonderfully 
they  have  increased  since  the  earliest  records.^'  As  each 
new  variety  is  produced,  the  earlier,  intermediate,  and  less 
valuable  forms  will  be  neglected,  and  perish.  When  a  breed, 
from  not  being  valued,  is  kept  in  small  numbers,  its  extinc- 
tion almost  inevitably  follows  sooner  or  later,  either  from 
accidental  causes  of  destruction  or  from  close  interbreeding ; 
and  this  is  an  event  which,  in  the  case  of  well-marked  breeds, 
excites  attention.  The  birth  or  production  of  a  new  domestio 
race  is  so  slow  a  process  that  it  escapes  notice ;  its  death  or 

*•  Touatt  on  Cattle,  pp.  116,  128.  '"  Vola,  *Beitriljfe   xur  Kulturgt- 

'*  *  Domesticated  AnimaU/  p.  188.      schichte,'  1852,  s.  99  etpasfim. 
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destmotion  is  oomparatively  sudden,  is  often  recorded,  and 
when  too  late  sometimes  regretted. 

Several  authors  have  drawn  a  wide  distinction  between 
artificial  and  natural  races.  The  latter  are  more  uniform  in 
character,  possessing  in  a  high  degree  the  appearance  of 
natural  species,  and  are  of  ancient  origin.  They  are  generally 
found  in  less  civilised  countries,  and  have  probably  been 
largely  modified  by  natural  selection,  and  only  to  a  small 
extent  by  man's  unconscious  and  methodical  selection.  They 
have,  also,  during  a  long  period,  been  directly  acted  on  by 
the  physical  conditions  of  the  countries  which  they  inhabit. 
The  so-called  artificial  races,  on  the  other  hand,  are  not  so 
uniform  in  character ;  some  have  a  semi-monstrous  character, 
such  as  '*  the  wry-legged  terriers  so  useful  in  rabbit- shoot- 
ing,"^^  turnspit  dogs,  anoon  sheep,  niata  oxen,  Polish  fowls, 
fantail-pigeons,  &c. ;  their  characteristic  features  have  gene- 
rally been  acquired  suddenly,  though  subsequently  increased 
by  careful  selections  in  many  cases.  Other  races,  which 
certainly  must  be  called  artificial,  for  they  have  been  largely 
modified  by  methodical  selection  and  by  crossing,  as  the 
English  race-horse,  terrier-dogs,  the  English  game-cock, 
Antwerp  carrier-pigeons,  &c.,  nevertheless  cannot  be  said  to 
have  an  unnatural  appearance ;  and  no  distinct  line,  as  it 
seems  to  me,  can  be  drawn  between  natural  and  artificial 
races. 

It  is  not  surprising  that  domestic  races  should  generally 
present  a  different  aspect  from  natural  spociea  Man  selects 
and  propagates  modifications  solely  for  his  own  use  or  fancy, 
and  not  for  the  creature's  own  good.  His  attention  is  struck 
by  strongly  marked  modifications,  which  have  appeared 
suddenly,  due  to  some  great  disturbing  cause  in  the  organi- 
sation. He  attends  almost  exclusively  to  external  characters  ; 
and  when  he  succeeds  in  modifying  internal  organs, — when 
for  instance  he  reduces  the  bones  and  rffal,  or  loads  the  viscera 
with  fat,  or  gives  early  maturity,  &c., — the  chances  are 
strong  that  he  will  at  the  same  time  weaken  the  constitution. 
On  the  other  hand,  when  an  animal  has  to  struggle  through- 
out its  life  with  many  competitors    and    enemies,   under 

'*  Blainr ,  *  Encyclop.  of  Kural  Sports,*  p.  2 IS. 


Cbap.  XXL  SELECTION.  233 

circumstanoeB  inoonoeivably  complex  and  liable  to  change, 
modifications  of  the  most  y»ried  nature  in  the  internal  organs 
as  well  as  in  external  characters,  in  the  functions  and  mutual 
relations  of  parts,  will  be  rigorously  tested,  preserved,  or 
rejected.  Natural  selection  often  checks  man'ri  comparatively 
feeble  and  capricious  attempts  at  improvement ;  and  if  it  woi*e 
not  so,  the  result  of  his  work,  and  of  nature's  work,  would  be 
even  still  more  different.  Nevertheless,  we  must  not  overrate 
the  amount  of  difference  between  natural  species  and  domestic 
races ;  the  most  experienced  naturalists  have  often  disputed 
whether  the  latter  are  descended  from  one  or  from  several 
aboriginal  stocks,  and  this  clearly  shows  that  there  is  no 
palpable  difference  between  species  and  races. 

Domestic  races  propagate  their  kind  far  more  tnrly,  and 
endure  for  much  longer  periods,  than  most  naturalists  are 
willing  to  admit.  Breeders  feel  no  doubt  on  this  head  :  ask 
a  man  who  has  long  reared  Shorthorn  or  Hereford  cattle, 
Leicester  or  Southdown  sheep,  Spanish  or  Game  poultry, 
tumbler  or  carrier-pigeons,  whether  these  races  may  not  have 
been  derived  from  common  progenitors,  and  he  will  probably 
laugh  you  to  scorn.  The  breeder  admits  that  he  may  hope 
to  produce  sheep  with  finer  or  longer  wool  and  with  better 
caixiases,  or  handsomer  fowls,  or  carrier-pigeons  with  beaks 
just  perceptibly  longer  to  the  practised  eye,  and  thus  bo 
successful  at  an  exhibition.  Thus  far  he  will  go,  but 
no  farther.  He  does  not  reflect  on  what  follows  from 
adding  up  during  a  long  course  of  time  many  slight, 
successive  modifications ;  nor  does  he  reflect  on  the  former 
existence  of  numerous  varieties,  connecting  the  links  in  each 
divergent  line  of  descent.  He  concludes,  as  was  shown  in 
the  earlier  chapters,  that  all  the  chief  breeds  to  which  he 
has  long  attended  are  aboriginal  productions.  The  systematic 
naturalist,  on  the  other  hand,  who  generally  knows  nothing 
of  the  art  of  breeding,  who  does  not  pretend  to  know  how 
and  when  the  several  domestic  races  were  formed,  who  cannot 
have  seen  the  intermediate  gradations,  fur  they  do  not  now 
exist,  nevertheless  feels  no  doubt  that  the>e  races  are  sprung 
from  a  single  source.  But  ask  him  whether  the  closely 
allied  natural  species  which  he  has  studied  may  not  havt 
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descended  from  a  ccmmon  progenitor,  and  he  in  his  turn  will 
I)erhap8  reject  the  notion  with  scorn.  Thus  the  naturalist 
and  breeder  may  mutually  learn  a  useful  lesson  from  each 
other. 

Summary  on  Selection  hp  Man, — ^There  can  be  no  doubt  that 
methodical  selection  has  effected  and  will  effect  wonderful 
results.  It  was  occasionally  practised  in  ancient  times,  and 
is  still  practised  by  semi-civilised  people.  Characters  of  the 
highest  importance,  and  others  of  trifling  value,  have  been 
attended  to,  and  modified.  I  need  not  here  repeat  what  has 
been  so  often  said  on  the  part  which  unconscious  selection 
has  played :  we  see  its  power  in  the  difference  between  flocks 
which  have  been  separately  bred,  and  in  the  slow  changes, 
as  circumstances  have  slowly  changed,  which  many  animals 
have  undergone  in  the  same  country,  or  when  transported 
into  a  foreign  land.  We  see  the  combined  effects  of  methodi- 
cal and  unconscious  selection,  in  the  great  amount  of 
difference  in  those  parts  or  qualities  which  are  valued  by  man 
in  comparison  with  the  parts  which  are  not  valued,  and 
consequently  have  not  been  attended  to.  Natural  selection 
often  determines  man*s  power  of  selection.  We  sometimes 
err  in  imagining  that  characters,  which  are  considered  as 
unimportant  by  the  systematic  naturalist,  could  not  be 
affected  by  the  struggle  for  existence,  and  oould  not  be  acted 
on  by  natural  selection ;  but  striking  cases  have  been  given, 
showing  how  great  an  error  this  is. 

The  possibility  of  selection  coming  into  action  rests  on 
variability ;  and  this  is  mainly  caused,  as  we  shall  hereafter 
see,  by  changes  in  the  conditions  of  life.  Selection  is  some^ 
times  rendered  difficult,  or  even  impossible,  by  the  conditions 
being  opposed  to  the  desired  character  or  quality.  It  is 
sometimes  checked  by  the  lessened  fertility  and  weakened 
constitution  which  follow  from  long-continued  close  inter- 
breeding. That  methodical  selection  may  be  successful,  the 
closest  attention  and  discernment,  combined  with  unwearied 
patience,  are  absolutely  necessary ;  and  these  same  qualities, 
though  not  indispensable,  are  highly  serviceable  in  the  case 
of  unconscious  selection.  It  is  almost  necessary  that  a  large 
number  of  individuals  should  be  reared ;  for  thus  there  will 
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be  a  fair  chanoe  of  variations  of  the  desired  nature  arising, 
and  of  every  individual  with  the  slightest  blemish  or  in  any 
degree  inferior  being  freely  rejected.  Hence  length  of  time 
is  an  important  element  of  success.  Thus,  also,  reproduction 
at  an  early  age  and  at  short  intervals  favours  the  work. 
FaciHty  in  pairing  animals,  or  their  inhabiting  a  confined 
area,  is  advantageous  as  a  check  to  free  crossing.  Whenever 
and  wherever  selection  is  not  practised,  distinct  races  are  not 
formed  within  the  same  country.  When  any  one  part  of  the 
body  or  one  quality  is  not  attended  to,  it  remains  either  un- 
changed or  varies  in  a  fluctuating  manner,  whilst  at  the  same 
time  other  parts  and  other  qualities  may  become  permanently 
and  greatly  modified.  But  from  the  tendency  to  reversion  and 
to  continued  variability,  those  parts  or  organs  which  are  now 
undergoing  rapid  improvement  through  selection,  are  likewise 
found  to  vary  much.  Consequently  highly-bred  animals  when 
neglected  soon  degenerate ;  but  we  have  no»rea8on  to  believe 
that  the  effects  of  long-KX)ntinued  selection  would,  if  the  con* 
ditions  of  life  remained  the  same,  be  soon  and  completely  lost. 
Man  always  tends  to  go  to  an  extreme  point  in  the  selection, 
whether  methodical  or  unconscious,  of  all  useful  and  pleasing 
qualities.  This  is  an  important  principle,  as  it  leads  to  con- 
tinued divergence,  and  in  some  rare  cases  to  convergence  of 
character.  The  possibility  of  continued  divergence  rests  on 
the  tendency  in  each  part  or  organ  to  go  on  varying  in  the 
same  manner  in  which  it  has  already  varied ;  and  that  this 
occurs,  is  proved  by  the  steady  and  gradual  improvement  of 
many  animals  and  plants  during  lengthened  periods.  The 
principle  of  divergence  of  character,  combined  with  the 
neglect  and  final  extinction  of  all  previous,  less-valued,  and 
intermediate  varieties,  explains  the  amount  of  difference  and 
the  distinctness  of  our  several  races.  Although  we  may  have 
reached  the  utmost  limit  to  which  certain  characters  can  be 
modified,  yet  we  are  far  from  having  reached,  as  we  have 
good  reason  to  believe,  the  limit  in  the  majority  of  cases. 
Finally,  from  the  difference  between  selection  as  carried  on 
by  man  and  by  nature,  we  can  understand  how  it  is  that 
domestic  races  often,  though  by  no  means  always,  differ  in 
jgeneral  aspect  from  closely  allied  natural  species. 
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Throughout  thus  chapter  and  elsewhere  I  have  spoken  of 
•election  as  the  paramount  power,  yet  its  action  absolutely 
depends  on  what  we  in  our  ignorance  call  spontaneous  or 
accidental  variability.  Let  an  architect  be  compelled  to 
build  an  edifice  with  uncut  stones,  fallen  from  a  precipice. 
The  shape  of  each  fragment  may  be  called  accidental ;  yet 
the  shape  of  each  has  been  determined  by  the  force  of  gravity 
the  nature  of  the  rock,  and  the  slope  of  the  precipice, — events 
and  circumstances,  all  of  which  depend  on  natural  laws ;  but 
there  is  no  relation  between  these  laws  and  the  purpose  for 
which  each  fragment  la  used -by  the  builder.  In  the  same 
manner  the  variationa  of  each  creature  are  determined  by 
fixed  and  immutable  laws ;  but  these  bear  no  relation  to  the 
living  structure  which  is  slowly  built  up  through  the  powor 
of  selection,  whether  this  be  natural  or  artificial  selection. 

If  our  architect  succeeded  in  rearing  a  noble  edifice,  usinp^ 
the  rough  wedgeHBhaped  iragments  for  the  arches,  Ihe  longer 
stones  for  the  lintels,  and  so  forth,  we  should  admire  his  skill 
even  in  a  higher  degree  than  if  he  had  used  stones  shaped  fur 
the  purpose.  So  it  is  with  selection,  whether  applied  by 
man  or  by  nature ;  for  although  variability  is  indispensably 
necessary,  yet,  when  we  look  at  some  highly  complex  and 
excellently  adapted  organism,  variability  sinks  to  a  quite 
subordinate  position  in  importance  in  comparison  with  Eelec- 
tion,  in  the  same  manner  as  the  sha^ie  of  each  fragment  used 
by  our  supposed  architect  is  unimportant  in  comparison  with 
his  skilL 
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CHAPTER  XXn. 

CAUSES  OF  VABIABIUTT. 

▼ABIABIUTY  DOBB  NOT  KECE98ARILT  AOOOMPAlTr  HEPMOUUtTlOBr — CAVBCI 
AaSIOHBD  BT  TARIOUS  AUTHOBS — ^IMDIYIDUAL  DIFFBUBKCEB — YARIABILITT 
OF  EVERT  KUn)  DUE  TO  CHANGED  OONDITIONB  OP  LIFE-— ON  THE  NATURE 
OF  SUCH  CHANOBB  —  CLDCATE,  FOOD,  EXCESS  OF  NUTBUOENT  —  SLIGHT 
CHANGES  SUFFICIENT — ^EFFECTTB  OF  OBAFTUfG  ON  THE  TARIABILITY  OF 
SEEDLING  -  TREES  —  DOMESTIC  PRODUCTIONS  BECOME  HABITUATED  TO 
CHANGED  CONDITIONS—ON  THE  ACCUMULATIVE  ACTION  OF  CHANGED 
CONDITIONS— CLOSE  INTERBREEDING  AND  THE  IMAGINATION  OF  THE 
MOTHEa  SUFPOSED  TO  CAUSE  VARIABILITT — OBOBBINa  AS  A  CAUSE  OF 
THE  APPEARANCE  OF  NEW  CHARACTERS — ^VARIABILITY  FUOM  THE  COM- 
ZIINGLINO  OF  CHARACTERS  AND  FROM  REVERSION— ON  THE  MANNER  AND 
PERIOD  OF  ACTION  OF  THE  CAUSES  WHICH  EITHER  DIRECTLY,  OR  IN- 
DIRECTLY THROUGH  THE  REPRODUCTIVE  SYSTEM,  INDUCE  VARIABILITT. 

We  will  now  consider,  as  far  as  we  can^  the  canfles  of  the 
almost  universal  variability  of  our  domesticated  productions. 
The  subject  is  an  obscure  one ;  but  it  may  be  useful  to  probe 
our  ignorance.  Some  authors,  for  instance  Dr.  Prosper  Lucas, 
look  at  variability  as  a  necessary  contingent  on  reproduction, 
and  as  much  an  aboriginal  law  as  growth  or  inheritance. 
Others  have  of  late  encouraged,  perhaps  unintentionally,  this 
yiew  by  speaking  of  inheritance  and  variability  as  equal  and 
antagonistic  principles.  Pallas  maintained,  and  he  has  had 
some  followers,  that  variability  depends  exclusively  on  the 
crossing  of  primordially  distinct  forms.  Other  authors  attri- 
bute variability  to  an  excess  of  food,  and  with  animals  to  an 
excess  relatively  to  the  amount  of  exercise  taken,  or  again  to 
the  effects  of  a  more  genial  climate.  That  these  causes  are 
all  effective  is  highly  probable.  But  we  must,  I  think,  take 
a  broader  view,  and  conclude  that  organic  beings,  when  sub- 
jected during  several  generations  to  any  change  whatever  in 
their  conditions,  tend  to  vary;  the  kind  of  variation  which 
ensues  depending  in  most  cases  in  a  far  higher  degree  on  the 
nature  or  constitution  of  the  being,  than  on  the  nature  of  the 
changed  conditions. 
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Those  authors  who  believe  that  it  is  a  law  of  natnre  that 
each  individual  should  differ  in  some  slight  degree  from  every 
other,  may  maintain,  apparently  with  truth,  that  this  is  the 
fcust,  not  only  with  all  domesticated  animals  and  cultivated 
plants,  but  likewise  with  all  organic  beings  in  a  state  of 
nature.  The  Laplander  by  long  practice  knows  and  gives 
a  name  to  each  reindeer,  though,  as  LinnsBus  remarks,  "  to 
distinguish  one  from  another  among  such  multitudes  was 
beyond  my  comprehension,  for  they  were  like  ants  on  an  ant- 
hiU."  In  Germany  shepherds  have  won  wagers  by  recog- 
nising each  sheep  in  a  flock  of  a  hundred,  which  they  had 
never  seen  until  the  previous  fortnight.  This  power  of 
discrimination,  however,  is  as  nothing  compared  to  that 
which  some  florists  have  acquired.  Yerlot  mentions  a 
gardener  who  could  distinguish  150  kinds  of  camellia,  when 
not  in  flower ;  and  it  has  been  positively  asserted  that  the 
famous  old  Dutch  florist  Voorhelm,  who  kept  above  1200 
varieties  of  the  hyacinth,  was  hardly  ever  deceived  in  knowing 
each  variety  by  the  bulb  alone.  Hence  we  must  conclude 
that  the  bulbs  of  the  hyacinth  and  the  branches  and  leaves 
of  the  camellia,  though  appearing  to  an  unpractised  eye 
absolutely  undistinguishable,  yet  really  differ.^ 

As  Linneeus  has  compared  the  reindeer  in  number  to  ant«, 
I  may  add  that  each  ant  knows  its  fellow  of  the  same  com- 
munity. Several  times  I  carried  ants  of  the  same  species 
(Formica  rufa)  from  one  ant-hill  to  another,  inhabited 
apparently  by  tens  of  thousands  of  ants ;  but  the  strangers 
were  instantly  detected  and  killed.  I  then  put  some  anta 
taken  from  a  very  large  nest  into  a  bottle  strongly  perfumed 
with  assafoetida,  and  after  an  interval  of  twenty-four  hours 
returned  them  to  their  home ;  they  were  at  first  threatened 
by  their  fellows,  but  were  soon  recognised  and  allowed  to 
pHSS.  Hence  each  ant  certainly  recognised,  independently  of 
odour,  its  fellow ;  and  if  all  the  ants  of  the  same  community 
have  not  some  countersign  or  watchword,  they  must  present 
to  each  other's  senses  some  distinguishable  character. 

*  '  Des  Jacinthes,'  &c.,  Amsterdam,  lated  bv  Sir  J.  £.  Smith,  7oI.  i.  p, 

1768,  p.  43;   Verlot,  »De«  VarWtea,'  314.      the  statement  in   regawl   to 

Isc,   p.   88.      On  the    reindeer,   tee  German  shepherds  is  given  en  tht 

linnieus,  '  Tour  in  Lapland,'  tra&s-^  authority  of  Dr,  Weinland. 
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The  dissiuiilarity  of  brothers  or  sisters  of  the  same  family, 
and  of  seedlings  from  the  same  capsule,  may  be  in  part 
accounted  for  by  the  unequal  blending  of  the  characters  of 
the  two  parents,  and  by  the  more  or  less  complete  recovery 
through  reversion  of  ancestral  characters  on  either  side ;  but 
we  thus  only  push  the  difficulty  further  back  in  time,  for 
what  made  the  parents  or  their  progenitors  different  ?  Hence 
the  belief''  that  an  innate  tendency  to  vary  exists,  indepen- 
dently of  external  differences,  seems  at  first  sight  probable. 
But  even  the  seeds  nurtured  in  the  same  capsule  are  not  sub- 
jected to  absolutely  uniform  conditions,  as  they  draw  their 
nourishment  from  different  points ;  and  we  shall  see  in  a  futui-e 
chapter  that  this  difference  sometimes  suffices  to  affect  the 
character  of  the  future  plant.  The  greater  dissimilarity  of 
the  successive  children  cf  the  same  family  in  comfiarison  with 
twins,  which  often  resemble  each  other  in  external  appearance, 
mental  disposition,  and  constitution,  in  so  extraordinary  a 
manner,  apparently  proves  that  the  state  of  the  parents  at  the 
exact  period  of  conception,  or  the  nature  of  the  subsequent 
embryonic  development,  has  a  direct  and  powerful  influence 
on  the  character  of  the  ofi&pring.     Nevertheless,  when  we 


•  Milller's '  Physiology.*  Eng.  trans- 
lation, Yol.  ii.  p.  1662.  With  respect 
to  the  similarity  of  twins  in  consti- 
tution. Dr.  William  Ogle  has  given  me 
the  following  extract  from  Professor 
Trousseau's  Lectures  (*  Cliniqne  M^i- 
cale,'  torn.  i.  p.  523),  in  which  a 
curious  case  is  recorded : — **  J*ai  donn^ 
mes  soins  i  denx  fr^res  jumeaux,  tons 
deux  si  eztraordinairement  ressem- 
blants  qu'il  m'^tait  impossible  de  les 
recunnaitre,  i  moins  de  les  roir  I'un 
k  c&U  de  I'autre.  Cette  ressembUnce 
physique  8*^tendait  plus  loin;  ils 
avaient,  permettez-moi  I'expression, 
une  siniilitttde  pathologique  plus  re- 
marquable  encore.  Ainsi  I'un  d*eux 
que  je  Yoyab  anx  n^othermes  i  Paris 
malade  d'une  ophthatroie  rhumatis- 
male  me  disait,  *  En  ce  moment  mon 
fr^e  doit  avoir  une  ophthiUmie  coinme 
la  m'.enne ;  *  etcomme  je  mV-tais  rdcrie, 
il  me  montrait  quelques  jours  apr^ 
WM  iettre  qu'il  vcuait  de  recevuir  de 


ce  frfcre  alors i  Vienne,  et  qui  lui  ecri- 
Tait  en  eA'et — *J'ai  mon  ophthalmie, 
tu  dois  avoir  la  tienne.*  Quelque  Kin- 
gulier  que  ceci  puisne  paraitre^  le  fait 
n*en  est  pas  moins  exact :  on  ne  me  Ta 
pas  racont^,  je  Tai  vu,  et  j'en  ai  vn. 
d'autres  analogues  dans  ma  pratique. 
Ces  deux  jumeaux  ^taient  aussi  tons 
deux  asthmatiques,  et  asthmatiques 
i  un  elTroyable  degr&  Originaires  de 
Marseille,  ils  n*ont  jamais  pu  de- 
meurer  dans  cette  ville,  ot  leurs 
int^rdts  les  appelaient  souvent,  sans 
£tre  pris  de  leurs  accte ;  jamais  ils  n'en 
^prouvaient  k  Paris.  Bien  mieux,  il 
leur  suffisait  de  gagner  Toulon  pour 
dtre  gru^ris  de  lenrs  attaqaes  de  Mar- 
seille. Voyageant  sans  cesse  et  dans 
tons  pays  pour  leiin  affaires,  ils 
avnient  remarqu^  qae  oertaines 
localites  leur  etaient  ftinestea,  que 
dans  d*autres  ils  ^taiant  exempts  dc 
tout  phenom^ne  d'oppression  " 
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reflect  on  the  individual  differences  between  organic  beings  in 
a  state  of  nature,  as  shown  bj  every  wild  animal  knowing  its 
mate ;  and  when  we  reflect  )n  the  infinite  diversity  of  the 
many  varieties  of  our  domesticated  productions,  we  may  well 
be  inclined  to  exclaim,  though  falsely  as  I  believe,  that 
Variability  must  bo  looked  at  as  an  ultimate  fact,  necessarily 
contingent  on  reproduction. 

Those  authors  who  adopt  this  latter  view  would  probably 
deny  that  each  separate  variation  has  its  own  proper  exciting 
cause.  Although  we  can  seldom  trace  the  precise  relation 
between  cause  and  effect,  yet  the  considerations  presently  to 
be  given  lead  to  the  conclusion  that  each  modiBcation  must 
have  its  own  distinct  cause,  and  is  not  the  result  of  what  we 
blindly  call  accident.  The  following  striking  case  has  been 
communicated  to  me  by  Dr.  William  Ogle.  Two  girls,  bom 
as  twins,  and  in  all  respects  extremely  alike,  had  their  little 
firgcrs  on  both  hands  crooked;  and  in  both  children  the 
Beix>nd  bicuspid  tooth  of  the  second  dentition,  on  the  right  side 
in  the  upper  jaw  was  misplao^ ;  for,  instead  of  standing  in  a 
lir.e  with  the  others,  it  grew  from  the  roof  of  the  mouth 
l^hind  the  first  bicuspid.  Neither  the  parents  nor  any  other 
members  of  the  family  were  known  to  have  exhibited  any 
similar  peculiarity  \  but  a  son  of  one  of  these  girls  had  the 
same  tooth  similarly  misplaced.  Kow,  as  both  the  girls  were 
affected  in  exactly  the  same  manner,  the  idea  of  accident  is  at 
once  excluded :  and  we  are  compelled  to  admit  that  there 
must  have  existed  some  precise  and  sufficient  cause  which,  if 
it  had  occurred  a  hundred  times,  would  have  given  crooked 
fingers  and  misplaced  bicuspi«l  teeth  to  a  hundred  children. 
It  is  of  course  possible  that  this  case  may  have  been  due  to 
reversion  to  some  long-forgotten  progenitor,  and  this  would 
much  weaken  the  value  of  the  argument.  L  have  been  led  to 
think  of  the  probability  of  reversion,  from  having  been  told  by 
Mr.  Galton  of  another  case  of  twin  girls  bom  with  their  little 
fingers  slightly  crocked,  which  they  inherited  from  their 
maternal  grandmother. 

We  will  now  consider  the  general  arguments,  which  appeal 
to  me  to  have  great  weight,  in  favour  of  the  view  that  varia- 
tions of  all  kinds  and  degrees  are  directly  or  indirectly  caused 
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by  the  oonditionfl  of  life  to  which  each  being,  and  more 
especially  its  ancestors,  have  been  exposed. 

No  one  doubts  that  domesticated  productions  are  more 
variable  than  organic  beings  which  have  never  been  removed 
from  their  natural  conditions.  Monstrosities  graduate  so  in- 
sensibly into  mere  variations  that  it  is  im|)068ible  to  separate 
them ;  and  all  those  who  have  studied  monstrosities  believe 
that  they  are  far  commoner  with  domesticated  than  with  wild 
animals  and  plants ;  ^  and  in  the  case  of  plcmts,  monstrosities 
would  be  equally  noticeable  in  the  natural  as  in  the  cultivated 
state.  Under  nature,  the  individuals  of  the  same  species  are 
exposed  to  nearly  uniform  conditions,  for  they  are  rigorously 
kept  to  their  proper  places  by  a  host  of  competing  animals  and 
plants ;  they  have,  also,  long  been  habituated  to  their  condi- 
tions of  life ;  but  it  cannot  be  said  that  they  are  subject  to 
quite  uniform  conditions,  and  they  are  liable  to  a  certain 
amount  of  variation.  The  circumstances  under  which  our 
domestic  productions  are  reared  are  widely  different :  they 
are  protected  from  competition  ;  they  have  not  only  been 
removed  from  their  natural  conditions  and  often  from  their 
native  land,  but  they  are  frequently  carried  from  district  to 
district,  where  they  are  treated  differently,  so  that  they  rarely 
remain  during  any  considerable  length  of  time  exposed  to 
closely  similar  conditions.  In  conformity  with  this,  all  our 
domesticated  productions,  with  the  rarest  exceptions,  vary  far 
more  than  natural  species.  The  hive-bee.  which  feeds  itself  and 
follows  in  most  respects  its  natural  habits  of  life,  is  the  least 
variable  of  all  domesticated  animals,  and  probably  the  goose 
is  the  next  lectst  variable;  but  even  the  goose  varies  more 
than  almost  any  wild  bird,  t>o  that  it  cannot  be  affiliated  with 
j)erfect  certainty  to  any  natural  species.  Hardly  a  single 
plant  can  be  named,  which  has  long  been  cultivated  and 
propagated  by  seed,  that  is  not  highly  variable ;  common  rye 
(Secede  cereale)  has  afforJed  fewer  and  less  marked  varieties 
than  almost  any  other  cultivated  plant  ;^  but  it  may  be 

«  Isid.  Geoffroy  St.-Hilaiie,  <HUt.       1841,  p.  115. 
ies  Anomalieft,'  torn.  iii.  p.  353  ;  Mo-  *  Metzger,     *  Die     Getreideartea, 

quin-Tandon,  <Teratologie  V^^g^e,'       1811,  s.  69. 

VOL.   II.  B 


242  CAUSES  OF  VARIABILITY.  Chap.  XXII. 

doubted  whether  the  Yariations  of  this,  the  least  yalnablo  of 
all  our  cereals,  have  been  closely  observed. 

Bud-variation,  which  was  fully  discussed  in  a  former  chap- 
ter, shows  us  that  variability  may  be  quite  independent  of 
seminal  reproduction,  and  likewise  of  reversion  to  long-lost 
ancestral  characters.  No  one  will  maintain  that  the  sudden 
appearance  of  a  moss-rose  on  a  Provence-rose  is  a  return  to  a 
former  state,  for  mossiness  of  the  calyx  has  been  observed  in 
no  natural  species ;  the  same  argument  is  applicable  to  varie- 
gated and  laciniated  leaves ;  nor  can  the  appearance  of  necta- 
rines on  peach-trees  be  accounted  for  on  the  principle  of  rever- 
sion. Bat  bud-variations  more  immediately  concern  us,  as 
they  occur  far  more  frequently  on  plants  which  have  been 
highly  cultivated  during  a  length  of  time,  than  on  other  and 
less  highly  cultivated  plants;  and  very  few  well-marked 
instances  have  been  observed  with  plants  growing  under 
strictly  natui*al  conditions.  I  have  given  one  instance  of  an 
ash-tree  growing  in  a  gentleman's  pleasure-grounds ;  and 
occasionally  there  may  be  seen,  on  beech  and  other  ti-oes, 
twigs  leafing  at  a  different  period  from  the  other  branches. 
But  our  forest  trees  in  England  can  hardly  be  censidered  as 
living  under  strictly  natural  conditions;  the  seedlings  are 
raised  and  protected  in  nursery-grounds,  and  must  often  be 
transplanted  into  places  where  wild  trees  of  the  kind  would 
not  naturally  grow.  It  would  be  esteemed  a  prodigy  if  a  dog- 
rose  growing  in  a  hedge  produced  by  bud- variation  a  moss- 
rose,  or  a  wild  bullace  or  wild  cherrj'-tree  yielded  a  branch 
bearing  fruit  of  a  different  shape  and  colour  from  the  oi'diuary 
fruit.  The  prodigy  would  be  enhanced  if  these  varying 
branches  were  found  capable  of  propagation,  not  only  by 
grafts,  but  sometimes  by  seed;  yet  analogous  cases  have 
occurred  with  many  of  our  highly  cultivated  trees  and  herbs. 

These  several  considerations  alone  render  it  probable  that 
variability  of  every  kind  is  directly  or  indirectly  caused  by 
changed  conditions  of  life.  Or,  to  put  the  case  under  another 
point  of  view,  if  it  wei-e  possible  to  expose  all  the  individuals 
of  a  species  during  many  generations  to  absolutely  tin i  form 
conditions  of  life,  there  would  be  no  variability. 
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On  the  Natuf^  of  the  Changes  in  the  CondUiom  of  Life  which 

induce  Variability, 

From  a  remote  period  to  the  present  day,  under  climates 
and  ciroumstanceB  as  different  as  it  is  possible  to  conceive, 
organic  beings  of  all  kinds,  when  domesticat-ed  or  ctdtivated^ 
have  varied.  We  see  this  with  the  many  domestic  races  of 
quadrupeds  and  birds  belonging  to  different  orders,  with  gold- 
fish and  silkworms,  with  plants  of  many  kinds,  raised  in 
various  quarters  of  the  world.  In  the  deserts  of  northern 
Africa  the  date-palm  has  yielded  thirty-eight  varieties;  in 
the  fertile  plains  of  India  it  is  notorious  how  many  varieties 
of  rice  and  of  a  host  of  other  plants  exist ;  in  a  single  Poly- 
nesian island,  twenty-four  varieties  of  the  bread-fruit,  the 
same  number  of  the  banana,  and  twenty -two  varieties  of  the 
arum,  are  cultivated  by  the  natives;  the  mulberry-tree  in 
India  and  Europe  has  yielded  many  varieties  serving  as  food 
for  the  silkworm ;  and  in  China  sixty-three  varieties  of  the 
bamboo  are  used  for  various  domestic  purposes.^  These  facts, 
and  innumerable  others  which  could  be  added,  indicate  that 
a  change  of  almost  any  kind  in  the  conditions  of  life  suffices 
to  cause  variability — different  changes  acting  on  different 
organisms. 

Andrew  Knight '  attributed  the  variation  of  both  animals 
and  plants  to  a  more  abundant  supply  of  nourishment,  or  to  a 
more  favourable  climate,  than  that  natural  to  the  species.  A 
more  genial  climate,  however,  is  far  from  necessary;  the 
kidney-bean,  which  is  often  injured  by  our  spring  fiosts,  and 
peaches,  which  require  the  protection  of  a  wall,  have  varied 
much  in  England,  as  has  the  orange-tree  in  northern  Italy, 
where  it  is  barely  able  to  exist'     Nor  can  we  overlook  the 


*  On  the  date-palm,  9ee  Vogel, 
'Annals  and  Mag.  of  Kat.  Hist.,' 
1854,  p.  460.  On  Indian  yarieties, 
Dr.  F.  Hamilton,  *  Transact.  Linn, 
Soc.,*  Tol.  xir.  p.  296.  On  the  varie- 
ties cultivated  in  Tahiti,  see  Dr. 
Bennett,  in  Loudon's  *Mag.  of  N. 
Hist.,'  voL  v.,  1832,  p.  484.  Also 
Ellis,  *  Polfnesian  Researches/  vol.  i. 
|»p.  570,  375.     On  twenty  varieties 


of  the  Pandanus  and  other  trees  in 
the  Marianne  Island,  see  *  Hooker's 
Miscellany,'  vol.  i.  p.  30S.  On  the 
hamhoo  in  China,  see  Hue's  *  Chinese 
Empire,'  vol.  ii.  p.  307. 

*  *  Treatise  on  the  Culture  of  the 
Apple,'  &c,  p.  3. 

'  Gallesio,    *Teoria    della     Ripro 
duzione  Veg.,'  p.  125. 
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fact,  though  not  immediately  connected  with  our  present 
subject,  that  the  plants  and  shells  of  the  Arctic  regions  are 
eminently  variable.^  Moreover,  it  does  not  appear  that  a 
change  of  climate,  whether  more  or  less  genial,  is  one  of  the 
most  potent  causes  of  variability ;  for  in  regard  to  plants  Alph. 
De  Candolle,  in  his  '  Geographic  Botaniqne,'  repeatedly  shows 
that  the  native  country  of  a  plant,  where  in  most  cases  it  has 
been  longest  cultivated,  is  that  where  it  has  yielded  the 
greatest  number  of  varieties. 

It  is  doubtful  whether  a  change  in  the  nature  of  the  food 
is  a  potent  cause  of  variability.  Scaroel}'  any  domesticated 
animal  has  varied  more  than  the  pigeon  or  the  fowl,  but 
their  food,  especially  that  of  highly-bred  pigeons,  is  generally 
the  same.  Kor  can  our  cattle  and  sheep  have  been  subjected 
to  any  great  change  in  this  respect.  But  in  all  these  cases 
the  food  probably  is  much  less  varied  in  kind  than  that  which 
was  consumed  by  the  species  in  its  natural  state.* 

Of  all  the  causes  which  induce  variability,  excess  of  food, 
whether  or  not  changed  in  nature,  is  probably  the  most 
powerful.  This  view  was  held  with  regard  to  plants  by 
Andrew  Knight,  and  is  now  held  by  Schleiden,  more  especially 
in  reference  to  the  inorganic  elements  of  the  food.^°  lu 
order  to  give  a  plant  more  food  it  suffices  in  most  cases  to 
grow  it  separately,  and  thus  prevent  other  plants  robbing  its 
roots.  It  is  surprising,  as  I  have  often  seen,  how  vigorously 
our  common  wild  species  flourish  when  planted  by  them- 
Kelves,  though  not  in  highly  manured  land  ;  separate  growth 
i.s,  in  fact,  the  first  step  in  cultivation.  We  see  the  converse 
of  the  belief  that  excess  of  food  induces  variability  in  the 
following  statement  by  a  great  raiser  of  seeds  of  all  kinds  :^^ 


'  See  Dr.  Hooker's  Memoir  on 
Arctic  Plants  in  *Linn.  Transact.,' 
vol.  xxiii.  part  ii.  Mr.  Woodward, 
and  a  higher  aathority  cannot  be 
quoted,  speaks  of  the  Arctic  mollnsca 
(in  his  *  Rudimentary  Treat is^'  1856, 
p.  355)  as  remarkably  subject  to 
▼ariation. 

*  Bechstein,  in  his  'Katurge- 
schichte  der  StobenvOgel,'  1840,  a. 
2J8,  has  sfimo  good  remarks  on  tiii» 


subject.  He  states  that  his  canary- 
birds  raried  in  colour,  though  kept  on 
uniform  food. 

»•  'The  Plant/  by  Schleiden,  trans- 
lated  by  Henfrey,  1848,  p.  169.  dee 
also  Alei.  Braun,  in  <  lint.  Memoirs,' 
Ray  Soc,  1853,  p.  313. 

'*  Messrs.  Hardy  and  Son,  of  Mai- 
don,  in  *Oard.  Chronicle,'  1856,  p. 
45d.  i^arri^re,  *  Production  et  Fiza> 
tion  des  VkUHs/  1865,  p.  31. 
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'*  It  is  a  rule  invariably  with  us,  when  we  desire  to  keep  a 
"  true  stock  of  any  one  kind  of  seed,  to  grow  it  on  poor  land 
"without  dung;  but  when  we  grow  for  quantity,  we  act 
**  contrary,  and  sometimes  have  dearly  to  repent  of  it." 
According  also  to  Carri^re,  who  has  had  great  experience  with 
flower-garden  seeds,  "  On  remarque  en  g6n6ral  les  plantes  do 
**  vigour  moyenne  sont  celles  qui  conservent  le  mieux  leurs 
**  caract^res." 

In  the  case  of  animals  the  want  of  a  proper  amount  of 
exercise,  as  Bechstein  remarked,  has  perhaps  played,  inde- 
pendently of  the  direct  effects  of  the  disuse  of  any  parti- 
cular organ,  an  important  part  in  causing  variability.  We 
can  see  in  a  vague  manner  that,  when  the  organised  and 
nutrient  fluids  of  the  body  are  not  used  during  growth,  or  by 
the  wear  and  tear  of  the  tissues,  they  will  be  in  excess ;  and 
as  growth,  nutrition,  and  reproduction  are  intimately  allied 
processes,  this  superfluity  might  disturb  the  due  and  proper 
action  of  the  reproductive  organs,  and  consequently  affect  the 
character  of  the  future  offspring.  But  it  may  be  argued  that 
neither  an  excess  of  food  nor  a  superfluity  in  the  organised 
fluids  of  the  body  necessarily  induces  variability.  The  goose 
and  the  turkey  have  boon  well  fed  for  many  generations,  yet 
have  varied  very  little.  Our  fruit-trees  and  culinary  plants, 
which  are  so  variable,  have  been  cultivated  from  an  ancient 
period,  and,  though  they  probably  still  receive  more  nutri- 
ment than  in  their  natural  state,  yet  they  must  have  received 
during  many  generations  nearly  the  same  amount;  and  it 
might  be  thought  that  they  would  have  become  habituated  to 
the  excess.  Nevertheless,  on  the  whole,  Knight's  view,  that 
excess  of  food  is  one  of  the  most  potent  causes  of  variability, 
appears,  as  far  as  I  can  judge,  probable. 

Whether  or  not  our  various  cultivated  plants  have  received 
nutriment  in  excess,  all  have  been  exposed  to  cbanges  of 
raiious  kinds.  Fruit-trees  are  grafted  on  different  stocks, 
and  grown  in  various  soils.  The  seeds  of  culinary  and  agri- 
cultural plants  are  carried  from  place  to  place ;  and  during 
the  last  century  the  rotation  of  our  crops  and  the  manures 
niied  have  been  greatly  changed. 

Slight  changes  of  treatment  often  suffico  to  induce  varia- 
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bility.  The  simple  fact  of  almost  all  onr  cultivated  plants 
and  domesticated  animals  having  varied  in  all  places  and  at 
all  times,  leads  to  this  conclusion.  Seeds  taken  from  common 
English  forest- trees,  grown  under  their  native  climate,  not 
highly  manured  or  otherwise  artificially  treated,  yield  seed- 
lings which  vary  much,  as  may  he  seen  in  every  extensive 
sood-bcd.  I  have  shown  in  a  former  copter  what  a  number 
of  well-marked  and  singular  varieties  the  thorn  {GraicRgus 
oxyrantha)  has  produced :  yet  this  tree  has  been  subjected  to 
hardly  any  cultivation.  In  Staffordshire  I  carefully  examined 
a  large  number  of  two  British  plants,  namely  Geranium  phamm 
and  pyrenaicum,  which  have  never  been  highly  cultivated. 
I'hese  plants  had  spread  spontaneously  by  seed  from  a 
common  garden  into  an  open  plantation ;  and  the  seedlings 
vaiiod  in  almost  every  single  character,  both  in  their  flower 
and  foliage,  to  a  degree  which  I  have  never  seen  exceeded ; 
yet  they  could  not  have  been  exposed  to  any  great  change  in 
their  conditions. 

With  respect  to  animals,  Azara  has  remarked  with  much 
surprise,^ ^  that,  whilst  the  feral  horses  on  the  Pampas  are 
always  of  one  of  three  colours,  and  the  cattle  always  of  a 
uniform  colour,  yet  these  animals,  when  bred  on  the  un- 
enclosed estancias,  though  kept  in  a  state  which  can  hardly 
be  called  domesticated,  and  apparently  exposed  to  almost 
identically  the  same  conditions  as  when  they  are  feral,  never- 
theless display  a  great  diversity  of  colour.  So  again  in  India 
several  species  of  fresh-water  fish  are  only  so  far  treated 
artificially,  that  they  are  reared  in  great  tanks;  but  this 
small  change  is  sufficient  to  induce  much  variability.^^ 

Some  facts  on  the  effects  of  grafting,  in  regard  to  the 
variability  of  trees,  deserve  attention.  Cabanis  asserts  that 
when  certain  pears  are  grafted  on  the  quince,  their  seeds  yield 
a  greater  number  of  varieties  than  do  the  seeds  of  the  same 
variety  of  pear  when  grafted  on  the  wild  pear.^*  But  as  the 
pear  and  quince  are  distinct  species,  though  so  closely  related 

1*  'QaadrupklM    du     Paraguay,'  1839,  pp.  266,  268,  813. 

1801,  torn.  ii.  p.  319.  ^*  Quoted  hj  Sageret,  *  Pom.  Phys., 

"  McClelland  on  Indian  Cyprinids,  1830,  p.  43.    This  statement,  how* 

'Avstic  Roiiearches,'  vol.  xix.  pan  ii.,  ever,  i:{  not  beliered  by  Decaisna, 


Chap.  XXn. 


CAUSES   OF   VARIABILIIT. 


247 


•< 


«t 


that  the  one  can  lie  readily  grafted  and  suooee*  Ji  admirably  on 
the  other,  the  fact  of  variability  being  thus  caused  is  not  sur- 
prising; as  we  are  here  enabled  to  see  the  cause,  namely,  the 
Tfuy  diiferent  nature  of  the  stock  and  graft.  Several  North 
American  varieties  of  the  plum  and  peach  are  weU  known  to 
reproduce  themselves  truly  by  seed  ;  but  Downing  asserts,^' 
**that  when  a  graft  is  taken  from  one  of  these  trees  and 
placed  upon  another  stock,  this  grafted  tree  is  found  to  lose 
its  singular  property  of  producing  the  same  variety  by 
*'seed,  and  becomes  like  all  other  worked  trees;" — that  is,  its 
seedlings  become  highly  variable.  Another  case  is  worth 
giving :  the  Lalande  variety  of  the  walnut-tree  leafs  between 
April  20th  and  May  15th,  and  its  seedlings  invariably 
inherit  the  same  habit;  whilst  several  other  varieties  of 
the  walnut  leaf  in  June.  Now,  if  seedlings  are  raised  from 
the  May-leafing  Lalande  variety,  grafted  on  another  May- 
leafing  variety,  though  both  stock  and  graft  have  the  same 
early  habit  of  leafing,  yet  the  seedlings  leaf  at  various  times, 
even  as  late  as  the  5th  of  June.^*  Such  facts  as  these  are 
well  fitted  to  show  on  what  obscure  and  slight  causes  vari- 
ability depends. 

I  may  here  just  allude  to  the  appearance  of  new  and  valuable 
varieties  of  fruit-trees  and  of  wheat  in  woods  and  waste  places, 
which  at  first  sight  seems  a  most  anomalous  circumstance.  In 
France  a  considerable  number  of  the  best  pears  have  been  discovered 
in  woods;  and  this  has  occurred  so  frequently,  that  Piteau  asserts 
that  "  improved  varieties  of  our  cultivated  fruits  rarely  originate 
with  nurserymen."  In  England,  on  the  other  hand,  no  instance  of 
a  good  pear  having  been  found  wild  has  been  recorded ;  and  Mr. 
Bivers  informs  me  that  he  knows  of  only  one  instance  with  apples, 
namely,  the  Bess  Poole,  which  was  dis  )overed  in  a  wood  in  Notting- 
hamshire. This  difference  between  the  two  countries  may  be  in  part 
accounted  for  by  the  more  favourable  climate  of  France,  but  chiefly 


^*  <The  Fruits  of  America,'  1845, 
p.  5. 

>*  M.  Cardan,  in  'Comptes  R«n- 
dus,'  Dec  1848,  quoted  in  *Gard. 
Chronicle,'  1849,  p.  101. 

"  M.  Alexis  Jordan  mentions  four 
excellent  pears  found  in  woods  in 
France,  and  alludes  to  others  (*  Mem. 
Acmi.  de  Lyon/  torn.  ii.   S5C,  p.  159). 


Poiteaa*8  remark  is  quoted  in  '  Gar- 
dener*s  Mag.,'  toI.  it..  1828,  p.  S85. 
See  *  Gard.  Chronicle,'  1862,  p.  3H5, 
for  another  case  of  a  new  variety  of 
the  pear  found  in  a  hedge  in  France. 
Also  for  another  case,  aee  Loudon's 
*  Eucyclop.  of  Gardening,'  p.  901. 
Mr.  Rivera  has  giren  me  similar 
information. 
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from  ihe  great  number  of  seedlings  which  spring  up  there  in  the 
woods.  I  infer  that  this  is  the  case  from  a  remark  made  by  a 
French  gardener,^'  who  r^ards  it  as  a  national  calamity  that  such 
a  number  of  pear-trees  are  periodically  cut  down  for  firewood,  before 
they  have  borne  fruit.  The  new  Tarieties  which  thus  spring  up  in 
the  woods,  though  they  cannot  have  receiyed  any  excess  of  nutri- 
ment, will  have  been  exposed  to  abruptly  changed  conditions,  but 
whether  this  is  the  cause  of  their  production  is  Tery  doubtful. 
These  yarieties,  however,  are  probably  all  descended"  from  old 
cultivated  kinds  growing  in  adjoining  orchards  — a  circumstance 
which  will  account  for  their  variability;  and  out  of  a  vast  nnmbei 
of  varying  trees  there  will  always  be  a  good  chance  of  the  appear* 
anoe  of  a  valuable  kind.  In  North  America,  where  frnit-trees 
frequently  spring  up  in  waste  places,  the  Washington  pear  was 
found  in  a  hedge,  and  the  Emperor  peach  in  a  wood.** 

With  respect  to  wheat,  some  writers  have  Rpoken^  as  if  it  were 
an  ordinary  event  for  new  varieties  to  be  found  in  waste  places ;  the 
Fenton  wheat  was  certainly  discovered  growing  on  a  pile  of  basaltic 
detritus  in  a  quarry,  but  in  such  a  situation  the  plant  would 
probably  receive  a  sufficient  amount  of  nutriment  Tlie  Chidham 
wheat  was  raised  from  an  car  found  on  a  hedge;  and  Hunter's 
wheat  was  discovered  by  the  roadside  in  Scotland,  but  it  is  not  said 
that  this  latter  variety  grew  where  it  was  found  * 

Whether  our  domestio  productions  would  ever  become  so 
completely  habituated  to  the  conditions  under  which  thej 
now  live,  as  to  oease  varying,  we  have  no  sufficient  means  for 
judging.  But,  in  fact,  our  domestic  productions  are  never 
exposed  for  a  great  length  of  time  to  uniform  conditions,  and 
it  is  certain  that  our  most  anciently  cultivated  plants,  as  well 
as  animals,  still  go  on  varying,  for  all  have  recently  under- 
gone marked  improvement.  In  some  few  cases,  however, 
plants  have  beoome  habituated  to  new  conditions.  Ihus, 
Metzger,  who  cultivated  in  Germany  during  many  yeara 
numerous  varieties  of  wheat,  brought  from  diffijrent  coun- 
tries,^^ states  that  some  kinds  were  at  first  extremely  vari- 
able,  but   gradually,  in  one   iustanoe  after  an  interval  of 

1*  Puval,  *Uist.  da  Poiricr,'  1849,  aboriginal  speoies. 

p.  2.  ■•  Downing,  '  Fruit-trees  of  North 

1*  I  infer  that  this  is  the  fact  from  America,'  p.  422  ;  Foley,  in  *  Transact. 

Van  Mons'  statement  (*  Arbres  Frui-  Uort.  Soc.,'  vol.  ri.  p.  412. 

ti«i-8,'  1835,  torn.  i.  p.  446)  that  he  «»  *Gard.  Chronicle,'  1847,  p.  244. 

iinds  in  the  woods  seedlings  resembling  **  'Gardener's  Chronicle,*  1841,  p. 

all  the  chief  cultivated  nice,  of  both  383 ;  1850,  p.  700  ;  1854,  p.  650. 

the  jMsar  and  apple.     Van  Mons,  how-  *»  *  Die  Getreitlearten,'  1843,  s.  G6| 

ever  looked  uc  th&>e  wild  varieties  as  116,  117. 
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twenty-five  years,  became  oonstant ;  and  it  does  not  appear 
that  this  resulted  from  the  selection  of  the  more  constant 
forms. 

On  the  Aceumidative  Action  of  changed  Condiiionn  of  Life, — 
We  have  good  gronnds  for  believing  that  the  influence  of 
changed  conditions  accumulates,  so  that  no  efiect  is  produced 
on  a  species  until  it  has  been  exposed  during  several  genei-a- 
tions  to  continued  cultivation  or  domestication.  Universal 
experience  shows  us  that  when  new  flowers  are  first  introduced 
into  our  gardens  they  do  not  vary ;  but  ultimately  all,  with 
the  rarest  exceptions,  vary  to  a  greater  or  less  extent.  In 
a  few  cases  the  requisite  number  of  generations,  as  well  as 
the  successive  steps  in  the  pi  ogress  of  variation,  have  been 
recorded,  as  in  tho  often  quoted  instance  of  the  Dahlia.'^ 
After  several  years'  culture  the  Zinnia  has  only  Jately  (1860) 
begun  to  vary  in  any  great  degree  ^*  In  the  first  seven  or 
eight  years  of  high  cultivation,  the  Swan  Kiver  daisy 
{Brachycome  iheridifolia)  kept  to  its  original  colour ;  it  then 
'*  varied  into  lilac  and  purple  and  other  minor  shades."  ^^ 
Analogous  facts  have  been  recorded  with  the  Scotch  rose.  In 
discussing  the  variability  of  plants  several  experienced  hor* 
ticulturists  have  spoken  to  the  same  general  effect.  Mr. 
Salter  *®  remarks,  "  Every  one  knows  that  the  chief  difficulty 
**  is  in  breaking  through  the  original  form  and  colour  of  the 
species,  and  every  one  will  be  on  the  look-out  for  any 
natural  sport,  either  from  seed  or  branch ;  that  being  once 
**  obtained,  however  trifling  the  change  may  be,  the  result 
**  depends  upon  himself."  M.  de  Jonghe,  who  has  had  so  much 
success  in  raising  new  varieties  of  pears  and  strawberries,'^^ 
remarks  with  respect  to  the  former,  **  There  is  another  prin- 
ciple, namely,  that  the  more  a  type  has  entered  into  a  state 
of  variation,  the  greater  is  its  tendency  to  continue  doing 
so ;  and  the  more  it  has  varied  from  the  original  type,  the 
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**  Sabin«,  in  '  Hort.  Transact.,*  Tol.  **  *The  Chrysanthemum,  its  His- 

iii.   p.   225;  Bronn,  <Geschicht«  der  tory.  &c./  1865',  p.  3. 
Natar,'b.  ii.  s.  119.  •'•Gardener'*    Chron.,*   1855,    p 

<«  «Joarnal  of  Horticulture,*  1861,  54;  <  Journal  of  Uortkultare,'  ^«j 

p.     112 ;    on     Zinnia,    '  Gardener'^  9,  1865,  p.  36 J. 
Chronicle,'  1860,  p.  8o2. 
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**  more  it  is  dispjeed  to  vary  still  farther."  We  have,  indeed, 
already  discussed  this  latter  point  when  treating  of  the  power 
which  man  possesses,  through  selection,  of  continually  aug* 
menting  in  the  same  direction  each  modification;  for  this 
power  depends  on  continued  variability  of  the  same  general 
kind.  The  most  celebrated  horticulturist  in  France,  namely, 
Vilmorin,^'  even  maintains  that,  when  any  particular  varia- 
tion is  desired,  the  first  step  is  to  get  the  plant  to  vary  in 
any  manner  whatever,  and  to  go  on  selecting  the  most 
variable  individuals,  even  though  they  vary  in  the  wrong 
direction;  for  the  fixed  character  of  the  species  being  once 
broken,  the  desired  variation  will  sooner  or  later  appear. 

As  nearly  all  our  animals  wore  domesticated  at  an  extremely 
remote  epoch,  we  cannot,  of  course,  say  whether  they  varied 
quickly  or  slowly  when  first  subjected  to  new  conditions. 
But  Dr.  Bachman^'  states  that  he  has  seen  turkeys  raised 
from  the  eggs  of  the  wild  species  lose  their  metallic  tints  and 
become  spotted  with  white  in  the  third  generation.  Mr. 
Yarrell  many  years  ago  informed  me  that  the  wild  ducks 
bred  on  the  ponds  in  St.  James's  Park,  which  had  never  been 
crossed,  as  it  is  believed,  with  domestic  ducks,  lost  their  true 
plumage  after  a  few  generations.  An  excellent  observer,^** 
who  has  often  reared  ducks  from  the  eggs  of  the  wild  bird, 
and  who  took  precautions  that  there  should  be  no  crossing 
with  domestic  breeds,  has  given,  as  previously  stated,  full 
details  on  the  changes  which  they  gradually  undergo.  He 
found  that  he  could  not  breed  these  wild  ducks  true  for  more 
than  five  or  six  generations,  "as  they  then  proved  so  much 
"  less  beautiful.  The  white  collar  round  the  neck  of  the 
"  mallard  became  much  broader  and  more  irregular,  and 
"  white  feathers  appeared  in  the  ducklings'  wings."  They 
increased  also  in  size  of  body;  their  legs  became  less  fine, 
and  they  lost  their  elegant  carriage.  Fresh  eggs  were  then 
procured  from  wild  birds ;  but  again  the  same  result  followed. 
In  these  cases  of  the  duck  and  turkey  we  see  that  animals, 

••  Quoted  by  Verlot,  *  Des  Vari6t68,'  ton,  1855,  p.  14. 

kc,  1^65,  p.  28.  ^  Mr.  Hewitt,  'Journal  of  Hort, 

*•  '  Examination  of  the  Characteris-  1863,  p.  39. 
tics  of  Genera  and  Soecies  :'  Charles- 
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like  plants,  do  not  d<^part  from  their  primitive  typo  until 
tliey  have  been  subjected  during  several  generations  to 
domestication.  On  the  other  hand,  Mr.  Yarrell  informed  me 
that  the  Australian  dingos,  bred  in  the  Zoological  Gardens, 
almost  invariably  produced  in  the  first  generation  puppies 
marked  with  white  and  other  colours ;  but  these  introduced 
dingoB  had  probably  been  procured  from  the  natives,  who 
keep  them  in  a  semi-domesticated  state.  It  is  certainly  a 
remarkable  fact  that  changed  conditions  should  at  first  pri>- 
duce,  as  far  as  we  can  see,  absolutely  no  effect;  but  that 
they  should  subsequently  cause  the  character  of  the  species 
to  change.  In  the  chapter  on  pangenesis  I  shall  attempt  to 
throw  a  little  light  on  this  fact. 

Betuming  now  to  the  causes  which  are  supposed  to  induce 
variability.  Some  authors  ^^  believe  that  close  interbreeding 
gives  this  tendency,  and  leads  to  the  pro-iuction  of  monstro- 
sities. In  the  seventeenth  chapter  some  few  facts  were 
advanced,  showing  that  monstrosities  are,  as  it  appears, 
occasionally  thus  induced ;  and  there  can  be  no  doubt  that 
clo  e  interbreeding  causes  lessened  fertility  and  a  weakened 
constitution ;  hence  it  may  lead  to  variability :  but  I  have 
nut  sufficient  evidence  on  this  head.  On  the  other  hand, 
close  interbreeding,  if  not  carried  to  an  injurious  extreme, 
far  from  causing  variability,  tends  to  fix  the  character  of  each 
breed. 

It  was  formerly  a  common  belief,  still  held  by  some  persons, 
that  the  imagination  of  the  mother  affects  the  child  in  the 
womb.^^  This  view  is  evidently  not  applicable  to  the  lower 
animals,  which  lay  unimpregnated  eggs,  or  to  plants.  Dr. 
William  Hunter,  in  the  last  century,  told  my  father  that 
during  many  years  every  woman  in  a  large  London  Lying-in 
Hospital  was  asked  before  her  confinement  whether  anything 
hud  specially  aH'ected  her  mind,  and  the  answer  was  written 
down ;  and  it  so  happened  that  in  no  one  inst^mce  could  a 
coincidence  be  detected  between  the  woman's  answer  and  any 

*^  Deray,  *  Manages  CoQsnDguins,'  "  Miiller  has  oooclnsiTely  arga«i 

pp.  97,  125.     In  conversatio!!  1  huve  against    this    belief,    *  Elements    of 

fonnd  two  or  threa  naturalists  of  the  Phys.,'  Eng.  transiat.,  vftL  u.  Id42| 

tame  opinion.  p.  1405. 
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abnormal  structure ;  but  when  she  knew  the  nature  of  the 
structure,  she  frequently  suggested  some  fresh  cause.  The 
belief  in  the  power  of  the  mother's  imagination  may  perhaps 
have  arisen  from  the  children  of  a  second  marriage  resembling 
the  previous  father,  as  certainly  sometimes  occurs,  in  accord- 
ance with  the  facts  given  in  the  eleventh  chapter. 

Cromng  as  a  Catue  of  VariahiUhf. — In  an  early  part  of  this 
chapter  it  was  stated  that  Pallas^  and  a  few  other  naturalists 
maintain  that  variability  is  wholly  due  to  crossing.  If  this 
means  that  new  characters  never  spontaneously  appear  in  our 
domestic  races,  but  that  they  are  all  directly  derived  from 
certain  aboriginal  species,  the  doctrine  is  little  less  than 
absurd ;  for  it  implies  that  animals  like  Italian  greyhounds, 
pug-dogs,  bull-dogs,  pouter  and  fantail  pigeons,  &c.,  were  able 
to  exist  in  a  state  of  nature.  But  the  doctrine  may  mean 
something  widely  different,  namely,  that  the  crossing  of 
distinct  species  is  the  sole  cause  of  the  first  appearance  of  new 
characters,  and  that  without  this  aid  man  could  not  have 
formed  his  various  breeds.  As,  however,  new  characters  have 
appeared  in  certain  caseo  by  bud- variation,  we  may  conclude 
with  certainty  that  crossing  is  not  necessary  for  variability. 
It  IB,  moi'eover,  certain  that  the  breeds  of  various  animals, 
such  as  of  the  rabbit,  pigeon,  duck,  d;c.,  and  the  varieties  of 
several  plants,  are  the  modified  descendants  of  a  single  wild 
species.  Nevertheless,  it  is  probable  that  the  crossing  of 
two  forms,  when  one  or  both  have  long  been  domesticated 
or  cultivated,  adds  to  the  variability  of  the  offspring  inde- 
pendently of  the  commingling  of  the  characters  derived  from 
the  two  parent-forms ;  and  this  implies  that  new  characters 
actually  arise.  But  we  must  not  forget  the  facts  advanced 
in  the  thirteenth  chapter,  which  clearly  prove  thai;  the  act 
of  crossing  often  leads  to  the  reappearance  or  reversion  of 
long-lost  characters ;  and  in  most  cases  it  would  be  impossible 
to  distinguish  between  the  reappearance  of  ancient  characters 
and  the  first  appearance  of  absolutely  new  characters  Practi- 
cally, whether  new  or  old,  they  would  be  new  to  the  breed  in 
which  they  reappeared. 

**  'Act.  Acad.  St.  Petenburs,'  1780,  part  ii.  p.  84,  &q. 
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Gartner  declareB,**  and  his  experionoe  is  of  the  highest  valno  on 
«ach  a  point,  that,  when  he  crossed  native  plants  which  had  not 
been  cultiyated,  he  nerer  once  saw  in  the  offspring  any  new  charader ; 
but  that  from  the  odd  manner  in  which  the  characters  derired  from 
the  parents  were  combined,  they  sometimes  appeared  as  if  new. 
When,  on  the  other  hand,  he  crossed  onltiTatea  plants,  he  admits 
that  new  characters  occasionally  appeared,  bnt  he  is  strongly 
inclined  to  attribute  their  appearance  to  ordinary  rariability,  not 
in  any  way  to  the  cross.  An  opposite  conclusion,  howcTer,  appears 
to  me  the  more  probable.  According  to  Kolreuter,  hybrids  in  the 
genus  Mirabilis  Tary  almost  infinitely,  and  he  describes  new  and 
singular  characters  in  the  form  of  the  seeds,  in  the  colour  of  the 
anthers,  in  the  cotyledons  being  of  immense  size,  in  new  and  highly 
peculiar  odours,  la  the  flowers  expanding  early  in  the  season,  and 
in  their  closing  at  night.  With  respect  to  one  lot  of  these  hybrids, 
he  remarks  that  they  presented  characters  exactly  the  rererse  of 
what  might  hare  been  expected  firom  their  parentage.*^ 

Prof.  Lecoq^  speaks  strongly  to  the  same  effect  in  regard  to  this 
same  genus,  and  asserts  that  many  of  the  hybrids  from  Mirabilis 
t'alapa  and  multiflora  might  easily  be  mistaken  for  distinct  species, 
and  adds  that  they  diffared  in  a  greater  degrcfc  than  the  other 
species  of  the  genus,  from  M.  jalapa,  Herbert,  also,  has  debcribea" 
certain  hybrid  Bhododendrons  as  being  "as  unlike  ail  othei-t  in 
"  foliage,  as  if  they  had  been  a  separate  species.''  The  common 
experience  of  floriculturists  proves  that  the  crossing  and  recroFsing 
of  distinct  but  allied  plants,  such  as  the  species  of  Petunia,  Calceo^ 
laria,  Fuchsia,  Verbena,  &c.,  induces  excessive  variability;  hence 
the  appearance  of  quite  new  characters  is  probable.  M.  Carriere" 
has  lately  discussed  this  subject :  he  states  that  L'rythrina  cristjffuUi 
had  been  multiplied  by  seed  for  many  years,  bnt  had  not  yielded 
any  varieties :  it  was  then  crossed  with  the  allif  d  A',  herbac&i,  and 
*'  the  resistance  was  now  overcome,  and  varieties  were  produced 
"  with  flowers  of  extremely  different  size,  form,  and  colour." 

IVom  the  general  and  apparently  well-founded  belief  that  the 
crossing  of  distinct  species,  besides  commingling  their  characters, 
adds  greatly  to  their  variability,  it  has  probably  arisen  that  some 
botanists  have  gone  so  far  as  to  maintain "*  that,  when  a  guiius 
includes  only  a  single  species,  this  when  cultivated  never  varies. 
The  proposition  mwle  so  broadly  cannot  be  admitted;  but  it  is 
probably  true  that  the  variability  of  monotypic  genera  when  culti- 


**  *  Bastarderzengang,'  b.  249,  255,  **  Abstracted  in  '  Oard.  Chronicle,' 

295.  1P60,  p.  1081. 

"  *  Nora    Acta,    St.    Petersbarg,'  ■•  This  was  the  opinion  of  the  elder 

1794,  p.  378;    1795,  pp.  307,  313,  De  CandoUe.  as  quoted  in  *Dic.  Class. 

&16 ;  1787,  p.  407.  d'Hist.  Nat.,'  torn.  viii.  p.  405.    Pnvis, 

**  *De  la  Fecondation,'   1862,    p.  in  his  work,  *  I>e  la   D^g^n^ration,' 

511.  1837,  p.  37,  nas  discossed  this  same 

*'  *  Amaryllidaoese,'  1837,  p.  362.  point. 
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Tated  is  generally  leas  than  that  of  genera  inclading  numerous 
species,  and  this  quite  independently  of  the  effects  of  crossing. 
I  have  shown  in  my  '  Origin  of  Species/  that  the  species  belonging 
to  small  genera  generally  yield  a  lees  nnmber  of  yarieties  in  a  state 
of  natnre  thui  those  belonging  to  large  genera.  Hence  the  species 
of  small  genera  would,  it  is  probable,  produce  fewer  yarieties  under 
cultivation  than  the  already  yariable  species  of  larger  genera. 

Although  we  have  not  at  present  suflScient  evidence  that  the 
crossing  of  species,  which  have  never  been  cultivated,  leads  to  the 
appearance  of  new  characters,  this  apparently  does  occur  with 
species  which  have  been  already  rendered  in  some  degree  variable 
through  cultivation.  Hence  crossing,  like  any  other  change  in  the 
conditions  of  life,  seems  to  be  an  element,  probably  a  potent  one,  in 
causing  variability.  But  we  seldom  have  tne  means  of  distinguish- 
ing, as  previously  remarked,  between  the  appearance  of  really  now 
characters  and  the  reappearance  of  long-lost  characters,  evoked 
through  the  act  of  crossing.  I  will  give  an  instance  of  the  difficulty 
in  distinguishing  such  cases.  The  species  of  Datura  may  be  divided 
into  two  sections,  those  having  white  flowers  with  green  stems, 
and  those  having  purple  flowers  with  brown  stems :  now  Naudin^® 
crossed  Datura  losvis  and  ferox,  both  of  which  bolong  to  the  white 
section,  and  raised  from  them  205  hybrids.  Of  these  hybrids,  every 
one  had  brown  stems  and  bore  purple  flowers;  so  that  they  re- 
sembled the  species  of  the  other  section  of  the  genus,  and  not  their 
own  two  parents.  Nandin  was  so  much  astonished  at  this  fact, 
that  he  was  led  carefully  to  observe  both  parent-species,  and  he 
discovered  that  the  pure  seedlings  of  JD.  ferox,  immediately  after 
germination,  had  dark  purple  stems,  extending  from  the  young  roots 
up  to  the  cotyledons,  and  that  this  tint  remained  ever  afterwards 
as  a  ring  round  the  base  of  the  stem  of  the  plant  when  old.  Now  I 
have  shown  in  the  thirteenth  chapter  that  the  retention  or  exaggera- 
tion of  an  early  character  is  so  intimately  related  to  reversion,  that  it 
evidently  comes  under  the  same  principle.  Hence  probably  we 
ought  to  look  at  the  purple  flowers  and  brown  stems  of  these 
hybrids,  not  as  new  characters  due  to  variability,  but  as  a  return 
to  the  former  state  of  some  ancient  progenitor. 

Independently  of  the  appearance  of  new  characters  from  crossing, 
a  few  words  may  be  added  to  what  has  been  said  in  former  chapters 
on  the  unequal  combination  and  transmission  of  the  characters 
proper  to  the  two  parent-forms.  When  two  species  or  races  are 
crossed,  the  offspring  of  the  first  generation  are  generally  uniform, 
but  those  subsequently  produced  display  an  almost  infinite  diversity 
of  character.  He  who  wishes,  says  Kblreuter,*^  to  obtain  an  endless 
number  of  varieties  from  hybrids  should  cross  and  recross  them. 
There  is  also  much  variability  when  hybrids  or  mongrels  ar« 
reduced  or  absorbed  by  repeated  crosses  with  either  pure  parent* 


*•  'CoroptesRendas,'Novcmbre21,  *^  *Nova  Acta,    St.     Petersbarg. 
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form ;  and  a  still  higber  degree  of  Tariabilitj  when  three  distinct 
species,  and  most  of  all  when  fonr  species,  are  blended  togetiier  bj 
successiTe  crosses.  Beyond  this  point  Gartner,^  on  whose  authority 
the  foregoing  statements  are  made,  never  succeeded  in  effecting  a 
union ;  but  Max  'Wichura^  united  six  distinct  species  of  willows 
into  a  single  hybrid.  The  sex  of  the  parent  species  affects  in  an 
inexplicable  manner  the  degree  of  variability  of  hvbrids;  for 
Gartner^  rei>eatedly  found  that  when  a  hybrid  was  used  as  a  father 
and  either  one  of  the  pure  parent-species,  or  a  third  species,  was 
used  as  the  mother,  the  offspring  were  more  variable  than  when  the 
same  hybrid  was  used  as  the  mother,  and  either  pure  parent  or  the 
same  third  species  as  the  father:  thus  seedlings  from  Dianthtis 
barbatus  crossed  by  the  hybrid  7>.  chinensi'harhatug  were  more 
variable  than  those  raised  from  this  latter  hybrid  fertilised  by  the 
pure  Z>.  harhatta.  Max  Wichura^^  insists  strongly  on  an  aDalogous 
result  with  his  hybrid  willows.  Again  Gartner^  asserts  that  the 
degree  of  variability  sometimes  differs  in  hybrids  raised  from  n;- 
ciprocal  crosses  between  the  same  two  species;  and  here  the  sole 
difference  is,  that  the  one  species  is  first  used  as  the  father  and  then 
as  the  mother.  On  the  whole  we  see  that,  independently  of  the 
appearance  of  new  characters,  the  variability  of  8uc<;cssive  crossed 
generations  is  extremely  complex,  partly  from  the  offispring  partaking 
unequally  of  the  characters  of  the  two  parent-forms,  and  more 
especially  from  their  unequal  tendency  to  revert  to  such  characters 
or  to  those  of  more  ancient  progenitors. 

• 

On  (he  Manner  and  en  the  Period  of  Action  of  the  Causes  which 
induce  Variability, — This  is  an  extremely  obscure  subject,  and 
we  need  here  only  consider,  whether  inherited  variations  are 
due  to  oertain  parts  being  acted  on  after  they  have  been 
formed,  or  through  the  reproductive  system  being  affected 
before  their  formation  ;  and  in  the  formar  case  at  what  period 
of  growth  or  development  the  effect  is  produced.  Wo  shnll 
soc  in  the  two  following  chapters  that  various  agencies,  such 
as  an  abundant  supply  of  food,  exposure  to  a  different  climate, 
in c I  eased  use  or  disuse  of  parts,  <fec.,  prolonged  during  several 
generations,  certainly  modify  either  the  whole  organisation  or 
certain  organs ;  and  it  is  clear  at  least  in  the  case  of  bud- 
variation  that  the  action  cannot  have  been  through  the  repro* 
ductive  system. 

**  *  ButarderzenguDg,'  8. 507,  516,  **  *  Bastarderzsugung,'  s.  452,  507 
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With  respect  to  the  part  which  the  reprodactivo  system  tiikes  in 
causing  yariability,  we  have  seen  in  the  eighteenth  chapter  that 
even  sli^iht  changes  in  the  conditions  of  life  have  a  remarkable 
power  in  causing  a  greater  or  less  degree  of  sterility.  Hence  it 
seems  not  improbable  that  beings  generated  through  a  system  so 
easily  affected  should  themselves  be  affected,  or  should  fail  to 
inherit,  or  inherit  in  excess,  characters  proper  to  their  parentn. 
We  know  that  certain  groups  of  organic  beings,  but  with  exceptions 
in  each  group,  have  their  reproductive  systems  much  more  easily 
affected  by  changed  conditions  than  other  groups;  for  instance^ 
carnivorous  birds  more  readily  than  carnivorous  mammals,  and 
parrots  more  readily  than  pigeons ;  and  this  fact  harmonises  with 
the  apparently  capricious  manner  and  degree  in  which  various 
groups  of  animals  and  plants  vary  under  domestication. 

Eolrentor^^  was  struck  with  the  parallelism  between  the  excessive 
variability  of  hybrids  when  crossea  and  recrossed  in  various  ways, — 
these  hybrids  having  their  reproductive  powers  moro  or  less  affected, 
— and  the  variability  of  anciently  cultivated  plants.  Max  Wichura^' 
has  gone  one  step  farther,  and  shows  that  with  many  of  our  highly 
cultivated  plants,  such  as  the  hya^nth,  tulip,  auricula,  snapdragon, 
potato,  cabbage,  Ac,  which  there  is  no  reason  to  believe  have  been 
hybridised,  the  anthers  contain  many  irregular  pollen-grains  in  the 
same  state  as  in  hybrids.  Ho  finds  also  in  certain  wild  forms,  the 
same  coincidence  between  the  state  of  tho  poUoii  and  a  high  degree 
of  variability,  as  in  many  species  of  Bubus;  but  in  B,  cousins  and 
idaaus,  which  are  not  highly  variable  species,  tlie  pollen  is  sotmd. 
It  is  also  notorious  tlrnt  many  cultivated  plants,  such  as  the  banana, 
pine-apple,  bread-fruit,  and  others  previously  mentioned,  have  their 
reproductive  organs  so  seriously  affected  as  to  lie  generally  quite 
sterile ;  and  when  they  do  yield  seed,  the  seedlings,  judging  irom 
the  krge  number  of  cultivated  i-aces  which  exist,  must  be  vatiablc 
in  an  extreme  degree.  These  facts  indicate  that  thero  is  some 
relation  between  the  state  of  the  reproductive  organs  and  a  tendency 
to  variability;  but  we  must  not  conclude  that  the  relation  is  strict. 
Although  many  of  our  highly  cultivated  plants  may  have  their 
pollen  in  a  deteriorated  condition,  yet,  as  we  have  previously  seen, 
they  yield  more  seeds,  and  our  anciently  domesticated  animals  are 
more  prolific,  than  the  corresponding  species  in  a  state  of  nature. 
The  peacock  is  almost  the  only  bird  which  is  believed  to  be  less 
fertile  under  domestication  than  in  its  native  state,  and  it  has  varied 
in  a  remarkably  small  degree.  From  these  considerations  it  would 
seem  that  changes  in  the  conditions  of  life  lead  either  to  sterility 
or  to  variability,  or  to  both ;  and  not  that  sterility  induces  variability. 
On  the  whole  it  is  probable  that  any  cause  affecting  the  organs  of 
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reproduction  would  likewise  affect  their  product,— that  is,  the 
omprjng  thus  generated. 

The  period  of  life  at  which  the  causes  that  induce  variability  act, 
is  likewise  an  obecure  subject,  which  has  been  discussed  by  Tarious 
authors.^  In  some  of  the  cases,  to  be  given  in  the  following  chapter, 
of  modifications  from  the  direct  action  of  chang^  conditions,  which 
are  inherited,  there  can  be  no  doubt  that  the  causes  have  acted  on 
the  mature  or  nearly  mature  am'mal.  On  the  other  hand,  monstrosi- 
ties, which  cannot  be  distinctly  separated  from  lesser  variations,  are 
often  caused  by  the  embryo  being  injured  whilst  in  the  mother's 
womb  or  in  the  ^g.  Thus  L  Geofiroy  Saint-Hilaire"  asserts  that 
poor  women  who  work  hard  during  their  ))regnancy,  and  the  mothers 
of  illegitimate  children  troubled  in  their  minds  ana  forced  to  conceal 
their  state,  are  far  more  liable  to  give  birth  to  monsters  than  women 
in  easy  curcumstances.  The  eggs  of  the  fowl  when  placed  upright 
or  otherwise  treated  unnaturally  frequently  prodnce  monstrous 
chickens.  It  would,  however,  appear  that  complex  monstrosities 
are  induced  more  frequently  during  a  rather  late  uian  during  a  very 
early  period  of  embryonic  life ;  but  this  may  partly  result  from  some 
one  purt,  which  has  been  injured  during  an  early  period,  affecting 
by  its  abnormal  growth  other  parts  subsequently  developed ;  ana 
this  would  be  less  likely  to  occur  with  parts  injured  at  a  later  period.^' 
When  any  x)art  or  organ  becomes  monstrous  through  abortion,  a 
rudiment  is  generally  left,  and  this  likewise  indicates  that  its 
development  had  already  commenced. 

Insects  sometimes  have  their  antennae  or  legs  in  a  monstrous 
condition,  the  larvsB  of  which  do  not  possess  either  antennsd  or  legs ; 
and  in  these  cases,  as  Quatrefiiges^'  believes,  we  are  enabled  to  sec 
the  precise  period  at  which  the  normal  progress  of  developme*it 
was  troubled.  But  the  nature  of  the  food  given  to  a  caterpillni 
sometimes  affects  the  colours  of  the  moth,  without  the  cAterpilUi 
itself  being  affected ;  therefore  it  seems  possible  that  other  characters 
in  the  mature  insect  might  bo  indirectly  modified  through  the  larvte. 
There  is  no  reason  to  suppose  that  organs  which  have  hotm  rendered 
monstrous  have  alwavs  been  acted  on  during  their  development ;  the 
cause  may  have  acted  on  the  organisation  at  a  much  earlier  stage. 
It  is  even  probable  that  either  the  male  or  female  sexual  elements, 
or  both,  before  their  union,  may  be  affected  in  such  a  manner  as  to 
lead  to  modifications  in  organs  developed  at  a  late  period  of  life ;  in 
nearly  the  same  manner  as  a  child  may  inherit  from  his  father  a 
disfeaae  which  does  not  appear  until  old  age. 


*  Dr.  P.  Lacafi  has  given  a  history  several  memoirs  by  M.  Dareste  here 

of  opinion  on  this  snbject :  '  KkM.  after    referred    to    are    of    specia 

Nat..'  1847,  torn.  i.  p.  175.  yalue  on  this  whole  subject. 

**  *  Hist,  des  Anomalies,'  tom.  iii.  **  See  his  interesting  work,  *  Meta- 

p.  499.  morphoses  de  THomme,'  lie.,  1862,  p 

"  Ibid.,  tom.  iii.  pp.  392,  502.    The  1;29. 

TOL.  ir.  8 


258  CAUSES  OF  VARIABILITT.  Chap.  XXIL 

In  acoardanoe  with  the  facts  above  given,  which  prove  that  in 
many  canes  a  close  relation  exists  between  variability  and  the  sterility 
following  from  changed  conditions,  we  may  conclude  that  the  ex- 
citing cause  often  acts  at  the  earliest  possible  period,  namely,  on  the 
sexual  elements,  before  impregnation  has  taken  place.  That  an 
affection  of  the  female  sexual  element  may  induce  variability  we  may 
likewise  infer  as  probable  from  the  occurrence  of  bud-variations ; 
for  a  bud  seems  to  be  the  analogue  of  an  ovule.  But  the  male  element 
is  apparently  much  oftener  affected  by  changed  conditions,  at  least 
in  a  visible  manner,  than  the  female  element  or  ovule ;  and  we  know 
from  Gartner's  and  Wichura's  statements  that  a  hybrid  used  as 
the  father  and  crossed  with  a  pure  species  gives  a  greater  degree  of 
variability  to  the  offspring,  than  does  the  same  hybrid  when  used  as 
the  mother.  Lastly,  it  is  certain  that  variability  may  be  tiansmitted 
through  either  sexual  element,  whether  or  not  originally  excited  in 
them,  for  Kolreuter  and  Gartner^  found  that  when  two  species  were 
crossed,  if  either  one  was  variable,  the  offspring  were  rendered 
variable. 

Summary, — From  the  facts  given  in  this  chapter,  we  may 
conclude  that  the  variability  of  organic  beings  under  domes- 
tication, although  so  general,  is  not  an  inevitable  contingent 
en  life,  but  results  from  the  conditions  to  which  the  parents 
have  been  exposed.  Changes  of  any  kind  in  the  conditions 
of  life,  even  extremely  slight  changes,  often  suffice  to  cause 
variability.  Excess  of  nutriment  is  perhaps  the  most  efficient 
single  exciting  cause.  Animals  and  plants  continue  to  be 
variable  for  an  immense  period  after  their  first  domestication  ; 
but  the  conditions  to  which  they  are  exposed  never  long 
remain  quite  constant.  In  the  course  of  time  they  can  be 
habituated  to  certain  changes,  so  as  to  become  less  variable ; 
and  it  is  possible  that  when  first  domesticated  they  may  have 
^^een  even  more  variable  than  at  present.  There  is  good 
evidence  that  the  power  of  changed  conditions  accumulates ; 
so  that  two,  three,  or  more  generations  must  be  exposed  to 
new  conditions  before  any  effect  is  visible.  The  crossing  of 
distinct  forms,  which  have  already  become  variable,  increases 
in  the  offspring  the  tendency  to  further  variability,  by  the 
unequal  commingling  of  the  characters  of  the  two  parents,  by 
the  reappearance  of  long-lost  characters,  and  by  the  appear- 
ance of  absolutely  new  characters.  Some  variations  are  in- 
duced by  the  direct  action  of  the  surrounding  conditions  on 

"  *Dritte  ForUetzung,'  &c.,  s.  123;  *  Bastarderzengang,'  s.  24^ 
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tho  whole  organisation,  or  on  certain  parts  alone;  other 
Tftriations  appear  to  be  indnoed  indirectly  through  the  re- 
prodnctive  system  being  affected,  as  we  know  is  often  the 
case  with  various  beings,  which  when  removed  from  their 
natural  conditions  become  sterile.  The  causes  which  induce 
variability  act  on  the  mature  organism,  on  the  embryo,  and, 
pi^bably,  on  the  Beznal  dements  before  impregnation  has 
lieen  effected. 
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CHAPTER  XXin. 

DIRICr  ABTD  DimriTl   ACTION    OF  THE    BXTSRNAL   CX)NDITIOHa  01 

UFX. 

•LIGHT  ifODinoATioira  nr  plahtb  fboh  thb  Dsnym  actiox  of  chakoed 

OaNliITIONB,  IH  SIZE,  OOLOt'B,  CHKKICAL  PROPERTIBB,  AND  IN  THS  ffTATI 
OP  THB  TUSUES — ^LOCAL  DISEASES— OON81'ICUOC8  MODIPIOATIONS  FBOM 
CHANGED  CLIMATE  OB  FOOD,  ETC. — ^PLUMAOB  OF  BIBDS  AFFBCTED  BY 
FECL'LfAB  NVTBIMENT,  AND  BY  THE  INOCULATION  OF  FOIBON — LAND- 
SHELLS — ^MODinCATIOMS  OP  ORGANIC  BBINOS  IN  A  STATE  OF  NATUBB 
THBOUGH  THE  DBFINITE  ACTION  OF  BXTEBNAL  CONDITIONS — 00MPABI8ON 
OF  AMEBIOAN  AND  BUBOPEAN  TUBES  —  GALLS — ^BPFBOTS  OF  PABASITIC 
FL'NGI — OON8lDB!tATION8  OPPOSED  TO  THE  BELIEF  IN  THE  POTENT 
INFLUENCE  OF  CHANGED  EXTEBVAL  CONDITIONS— PA BALLEL  8EBIB8  OF 
VABTBTIES — AMOUNT  OF  YABIATION  DOBS  NOT  COBBBSl-OND  WITH  THB 
DBQBEE  OP  CHANGE  IN  THB  OONDITIONS— BUD- YABIATION — ^MONBTBOSI- 
TIE8  PBODUCKD  BY  UNHATUBAL  TBEATMENT — BUMMAUY. 

Ik  we  auk  ourselves  why  this  or  that  character  has  been  modi- 
fied under  domestication,  we  are,  in  most  cases,  lost  in  utter 
darkness.  Many  naturalists,  especially  of  the  Frenoh  school, 
attribute  every  modification  to  the  *'  monde  ambiant,"  that  is, 
to  changed  climate,  with  all  its  diversities  of  heat  and  cold, 
dampness  and  dryness,  light  and  electricity,  to  the  nature  of 
the  soil,  and  to  varied  kinds  and  amount  of  food.  By  the 
term  definite  action,  as  used  in  this  chapter,  I  moan  an  action 
of  such  a  nature  that,  when  many  individuals  of  the  same 
variety  are  exposed  during  several  generations  to  any  par- 
ticular change  in  their  conditions  of  life,  all,  or  nearly  all  the 
individuals,  are  modified  in  the  same  manner.  The  effects  of 
habit,  or  of  the  increased  use  and  disuse  of  various  organs, 
might  have  been  included  under  this  head ;  but  it  will  be  con- 
venient to  discuss  this  subject  in  a  separate  chapter.  By  the 
term  indefinite  action  I  mean  an  action  which  causes  one  in- 
dividual to  vary  in  one  way  and  another  individual  in  another 
way,  as  we  often  see  with  plants  and  animals  after  they  havo 
been  subjected  for  some  generations  to  ohange«i  conditions  of 
life.    But  we  know  far  too  little  of  the  causes  and  laws  of 
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variation  to  make  a  sound  classification.  The  action  of 
changed  conditions,  whether  leading  to  definite  or  indefinite 
Jesuits,  is  a  totally  distinct  consideration  from  the  effects  ol 
selection ;  for  selection  depends  on  the  preservation  by  man 
of  certain  individuals,  or  on  their  survival  under  various  and 
complex  natural  circumstances,  and  has  no  relation  whatevei 
to  the  primary  cause  of  each  particular  variation. 

I  will  first  give  in  detail  all  the  facts  which  I  have  been 
able  to  collect,  rendering  it  probable  that  climate,  food,  dec, 
liave  acted  so  definitely  and  powerfully  on  the  organisation  ot 
our  domesticated  productions,  that  new  sub-varieties  or  races 
have  been  thus  formed  without  the  aid  of  selection  by  man  or 
nature.  I  will  then  give  the  fucts  and  considerations  opposed 
to  this  conclusion,  and  finally  we  will  weigh,  as  fairly  as  we 
can,  the  evidence  on  both  sides. 

When  we  reflect  that  distinct  races  of  almost  all  our  domes- 
ticated animals  exist  in  each  kingdom  of  Europe,  and  formerly 
even  in  each  district  of  England,  we  are  at  firat  strongly 
inclined  to  attribute  their  origin  to  the  definite  action  of  the 
physical  conditions  of  each  country ;  and  this  has  been  the 
conclusion  of  many  authors.  But  we  should  bear  in  mind 
that  man  annually  has  to  choose  which  animals  shall  be  pre- 
served for  breeding,  and  which  shall  be  slaughtered.  We 
have  also  seen  that  both  methodical  and  uncon-  cious  selection 
were  formerly  practised,  and  are  now  occasionally  practised 
by  the  most  barbarous  races,  to  a  much  greater  extent  than 
might  have  been  anticipated.  Hence  it  is  difficult  to  judge 
how  far  differences  in  the  conditions  between,  for  instance, 
the  several  districts  in  England,  have  sufficed  to  modify  the 
breeds  which  have  been  reared  in  each.  It  may  be  arg^ued 
that,  as  numerous  wild  animals  and  plants  have  ranged 
during  many  ages  throughout  Great  Britain,  and  still  retain 
the  same  character,  the  difference  in  conditions  between  the 
several  districts  could  not  have  modified  in  a  marked  manner 
the  various  native  races  of  cattle,  sheep,  pigs,  and  horses. 
The  same  difficulty  of  distinguishing  between  the  effects  of 
natural  selection  and  the  definite  action  of  external  conditions 
is  encountered  in  a  still  higher  degree  when  we  compare  doeely 
allied  species  inhabiting-  two  countries,  such  as  North  America 
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and  Europe,  which  do  not  differ  greatly  in  climate,  nature  of 
soil,  &c.,  for  in  thiB  case  natural  selection  will  inevitably  and 
rigorously  have  acted  during  a  long  succession  of  ages. 

Prof.  Weismann  has  suggested^  that  when  a  variable 
species  enters  a  new  and  isolated  country,  although  the  varia- 
tions may  be  of  the  same  general  nature  as  before,  yet  it  is 
improbable  that  they  should  occur  in  the  same  proportional 
numbers.  After  a  longer  or  shorter  period,  the  species  will 
tend  to  become  nearly  uniform  in  character  from  the  incessant 
crossing  of  the  varying  individuals ;  but  owing  to  the  pro- 
portion of  the  individuals  varying  in  different  ways  not  being 
the  same  in  the  two  cases,  the  final  result  will  be  the  pro- 
duction of  two  forms  somewhat  different  from  one  another. 
In  cases  of  this  kind  it  would  falsely  appear  as  if  the  con- 
ditions had  induced  certain  definite  modifications,  whereas 
they  had  only  excited  indeBnite  variability,  but  with  the 
variations  in  slightly  different  proportional  numbers.  This 
view  may  throw  some  light  oij  the  fiict  that  the  domestic 
animals  which  formerly  inhabited  the  several  districts  in 
Great  Britain,  and  the  half  wild  cattle  lately  kept  in 
several  British  parks,  differed  slightly  from  one  another ;  for 
these  animals  were  prevented  from  wandering  over  the  whole 
country  and  intercrossing,  but  would  have  crossed  freely 
within  each  district  or  park. 

From  the  difficulty  of  jadging  how  for  changed  conditions  have 
caused  definite  modifications  of  structure,  it  will  be  advisable  to 
give  as  large  a  body  of  facts  a<«  possible,  showing  that  extremely 
slight  differences  within  the  same  country,  or  during  different 
seasons,  certainly  produce  an  appreciable  efifoct,  at  least  on  varieties 
which  are  aheady  m  an  unstable  condition.  Ornamental  flowers  are 
good  for  this  purpose,  as  they  are  highly  variable,  and  are  carefully 
observed.  All  floriculturists  are  unanimous  that  certain  varieties 
are  affected  bv  very  slight  differences  in  the  nature  of  the  artificial 
compost  in  which  they  are  grown,  and  by  the  natural  soil  of  the 
district,  as  well  as  by  the  season.  Thus,  a  skilful  judge,  in  writing 
on  Gunations  and  Picotees,'  asks  "  where  can  Admiral  Curzon  be 
"seen  ponsessing  the  colour,  size,  and  strength  which  it  has  in 
"Derbyshire?  Where  can  Flora's  Garland  be  found  equal  to  those 
"  at  Slough  ?    Where  do  high-coloured  flowers  revel  better  than  at 
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"  Woolwich  and  Bimiiiigham  ?  Yet  in  no  two  of  these  districts  do 
'*  the  same  yorietitrs  attain  an  equal  degree  of  excellence,  althougli 
**  each  may  be  reoeiving  the  attention  of  the  most  skilful  cultiyators." 
The  same  writer  then  recommends  every  cultivator  to  keep  five 
different  kinds  of  soil  and  manure,  "  and  to  endeavour  to  8uit  the 
"  respective  appetites  of  the  plants  you  are  dealing  with,  for  without 
**  such  attention  all  hope  of  general  success  will  be  vain/'  So  it  is 
with  the  Dahlia' :  the  Lady  Cooper  rarely  succeeds  near  London,  but 
does  admirably  in  other  cGstricts;  the  reverse  holds  good  with  other 
varieties;  and  again,  there  are  others  which  succeed  equally  well 
in  various  situations.  A  skilful  gardener  *  states  that  he  procured 
cuttings  of  an  old  and  wv ll-known  variety  (pulchella)  of  Verbena, 
which  from  having  been  propagated  in  a  different  situation  pieeented 
a  slightly  different  shade  of  colour;  the  two  varieties  were  after* 
wards  multiplied  by  cuttings,  being  oaiefully  kept  distinct ;  but  in 
the  second  year  they  could  hardly  be  distinguished,  and  in  the  third 
year  no  one  could  distinguish  them. 

The  nature  of  the  season  has  an  especial  influence  on  certain 
varieties  of  the  Dahlia:  in  1841  two  varieties  were  pre-eminentlv 
good,  and  the  next  year  these  same  two  were  pre-eminently  bad. 
A  famous  amateur^  asserts  that  in  1861  many  varieties  of  the  Rose 
came  so  untrue  in  character, "  that  it  was  hardly  possible  to  recog- 
"  nise  them,  and  the  thought  was  not  seldom  entertained  that  the 
"  grower  had  lost  his  tally."  The  same  amateur "  states  that  in  1862 
two>thirds  of  his  Auriculas  produced  central  trusses  of  flowers,  and 
Buch  trusses  are  liable  not  to  keep  true ;  and  he  adds  that  in  some 
seasons  certain  varieties  of  this  plant  all  prove  good,  and  the  next 
season  all  prove  bad ;  whilst  exactly  the  reverse  happens  with  other 
varieties.  In  1845  the  editor  of  the '  Gardener's  Chronicle '  ^  remarked 
how  singular  it  was  that  this  year  many  Calceolarias  tended  to 
assume  a  tubular  form.  With  Heartsease  ^  the  blotched  sorts  do  not 
acquire  their  proper  character  until  hot  weather  sets  in ;  whilst  other 
varieties  lose  their  beautiful  marks  as  soon  as  this  occurs. 

Analogous  facts  have  been  observed  with  leaves:  Mr.  Beaton 
asserts^  that  he  raised  at  Shrubland,  during  six  years,  twenty  thousard 
seedlings  from  the  Punch  Pelargonium,  and  not  one  had  variegated 
leaves ;  but  at  Surbiton,  in  Surrey,  one-third,  or  even  a  greater  pro- 
portion, of  the  seedlings  from  this  same  variety  were  more  or  less 
vari^ated.  The  soil  of  another  district  in  Surrey  has  a  strong  ten- 
dencv  to  cause  variegation,  as  appears  from  information  given  me 
by  Sir  F.  Pollock.    Yerlot"  states  that  the  variegated  strawberry 
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letains  its  ohancter  as  long  as  grown  in  a  dryish  soil,  but  soon 
Soses  it  when  planted  in  Crash  and  humid  soil.  Mr.  Salter,  who  is 
well  known  for  his  success  in  cii-^tiTating  variegated  plants,  informs 
me  that  rows  of  strawberries  were  planted  in  his  garden  in  1869,  in 
the  usual  way :  and  at  yarious  distances  in  one  row,  several  plants 
simultaneously  became  variegated ;  and  what  made  the  case  more  ex- 
traordinary, all  were  Tariegated  in  precisely  the  same  manner.  These 
plants  were  removed,  but  during  the  three  succeeding  years  other 
plants  in  the  same  row  became  variegated,  and  in  no  instance  were 
the  plants  in  any  adjoining  row  affected. 

Tne  chemical  qualities,  odours,  and  tissues  of  plants  are  often 
modified  by  a  cluuige  which  seems  to  us  slight.  The  Hemlock  is 
said  not  to  yield  oonicine  in  Scotland.  The  root  of  the  Aconitwa 
najidl'w  becomes  innocuous  in  frigid  climates.  The  medicinal  pro- 
perties of  the  Digitalis  are  easily  affected  by  culture.  As  the  Futacia 
Itntiaeui  grows  abundantly  in  the  South  of  France,  the  climate  must 
suit  it,  but  it  yields  no  mastic.  The  h:urus  muaafnu  in  FiUrope 
loses  the  odour  proper  to  it  in  North  America."  Many  similar  facts 
could  be  given,  and  they  are  remarkable  because  it  might  have  been 
thought  that  definite  chemical  compounds  would  have  been  little 
liable  to  change  either  in  quality  or  quantity. 

The  wood  of  the  .^nerican  Locust-tree  ^i2o6mta)  when  grown  in 
England  is  nearly  worthless,  as  is  that  of  the  Oak-tree  when  grown 
at  the  Gape  of  Good  Hope.*^  Hemp  and  flax,  as  I  hear  from  Dr. 
Falconer,  flourish  and  yield  plenty  of  seed  on  the  plains  of  India, 
but  their  fibres  are  brittle  and  useless.  Hemp,  on  the  other  hand, 
fails  to  produce  in  England  that  resinous  matter  which  is  so  largely 
used  in  India  as  an  intoxicating  drug. 

The  fruit  of  the  Melon  is  greatly  influenced  by  shght  differences 
in  culture  and  climate.  Hence  it  is  generally  a  better  plan, 
according  to  Naudin,  to  improve  an  old  kind  than  to  inti-oduce  a 
new  one  into  any  locality.  The  seed  of  the  Persian  Melon  pro- 
duces near  Paris  fruit  inferior  to  the  poorest  market  kinds,  but  at 
Bordeaux  yields  delicious  fruit."  Seed  is  annually  brought  from 
Thibet  to  Kashmir,^*  and  produces  fruit  weighing  from  four  to  ten 
pounds^  but  plants  raised  next  year  from  seed  saved  in  Kashmir 
give  fruit  weighing  only  from  two  to  three  pounds.  It  is  well  known 
that  American  varieties  of  the  Apple  produce  in  their  native 
land  magnificent  and  brightly-coloured  fruit,  but  these  in  England 
are  of  poor  quality  and  a  dull  colour.    In  Hungary  there  are  many 
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Tarieties  of  the  kidney-bean,  remarkable  for  the  beanty  of  theii 
seeds,  but  the  Rev.  M.  J.  Berkeley'*  found  that  their  beauty  could 
hardly  ever  be  preserved  in  Engluid,  and  in  some  cases  the  colour 
was  greatly  changed.  We  haye  seen  in  the  ninth  chapter,  with 
respect  to  wheat,  what  a  remarkable  effect  transportal  from  the 
north  to  the  south  of  France,  and  oonyersely,  produced  on  the 
weight  of  the  grain. 

When  man  can  peroeive  no  change  in  plants  or  animals 
which  have  been  exposed  to  a  new  climate  or  to  different 
treatment,  insects  can  sometimes  perceive  a  marked  change. 
A  cactus  has  been  importe<l  into  India  from  Canton,  Manilla 
Mauritius,  and  from  the  hot-houses  of  Kew,  and  there  is  like- 
wise a  so-called  native  kind  which  was  formerly  introduced 
from  South.  America ;  all  these  plants  belong  to  the  same 
species  and  are  alike  in  appearance,  but  the  cochineal  insect 
flourishes  only  on  the  native  kind,  on  which  it  thrives 
prodigiously.^*  Humboldt  remarks''  that  white  men  "bom 
in  the  torrid  sone  walk  barefoot  with  impunity  in  the  same 
apartment  where  a  European,  recently  landed,  is  exposed  to 
the  attacks  of  the  Pulex  penetrana.*^  This  insect,  the  too  well- 
known  chigoe,  must  therefore  be  able  to  perceive  what  the 
most  delicate  chemical  analysis  fails  to  discover,  namely,  a 
difference  between  the  blood  or  tissues  of  a  European  and 
those  of  a  white  man  bom  in  the  tropics.  But  the  discern- 
ment of  the  chigoe  is  not  so  surprising  as  it  at  first  appears ; 
for  according  to  Liebig'*  the  blood  of  men  with  different 
complexions,  though  inhabiting  the  same  country,  emits  a 
different  odour. 

Diseases  peculiar  to  certain  localities,  heights,  or  climates,  may  be 
here  briefly  noticed,  as  showing  the  influence  of  external  circum- 
stances on  tlie  human  body.  Diseases  confined  to  certain  races  of 
man  do  not  concern  us,  for  the  constitution  of  the  race  may  play 
the  more  important  i^rt,  and  this  may  have  been  determined  by 
unknown  causes.    The  Plica  Polonica  stands,  in  this  respect,  in  a 
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nearly  intermediate  position ;  for  it  rarely  affects  Germans,  who  in- 
habit the  neighbourhood  of  the  Vistula,  where  so  many  Poles  are 
grievoualy  affected;  neither  does  it  affect  Rusfdans.  who  are  said 
to  belong  to  the  same  original  stock  as  the  Poles.**  The  eleva- 
tion  of  a  district  often  goTems  the  appearance  of  diseases;  in  Mexico 
tlie  yellow  fever  does  not  extend  above  9*24  metres ;  and  in  Peru, 
people  are  affected  with  the  veruf^as  only  between  600  and  160(1 
metres  above  the  pea ;  many  other  such  cases  could  be  given.  A 
peculiar  cutaneous  complaint,  called  the  Bouton  fVAl^^  affects 
ID  Aleppo  and  some  neighbouring  districts  almost  every  native 
infant,  and  some  few  strangers ;  and  it  seems  fairly  well  established 
that  this  singular  complaint  depends  on  drnking  certain  waters. 
In  the  healthy  little  island  of  St.  Helena  the  scarlet-fever  is  dreaded 
like  the  Plague ;  analogous  facts  have  been  observed  in  Chili  and 
Mexico.*^  Even  in  the  different  departments  of  France  it  is  found 
that  the  various  infirmities  which  render  the  conscript  unfit  for 
serving  in  the  army,  prevail  with  remarkable  inequality,  revealing, 
as  Boudin  observes,  that  many  of  them  are  endemic,  which  other- 
wise would  never  have  been  suspected.**  Any  one  who  will  study 
the  distribution  of  disease  will  be  struck  with  surprise  at  what 
slight  differences  in  the  surrounding  circumstances  govern  the 
nature  and  severity  of  the  complaints  by  which  man  is  at  least 
temporarily  affected. 

The  modifications  as  yet  referred  to  are  extremely  slight,  and  in 
most  cases  have  been  caused,  as  far  as  we  can  judge,  by  equally  slight 
differences  in  the  conditions.  But  such  conditions  acting  during 
a  series  of  generations  would  perhaps  produce  a  marked  effect. 

With  plants,  a  considerable  change  of  climate  sometimes  produces 
a  coufipicuous  result.  I  have  given  in  the  ninth  chapter  the  most 
remarkable  case  known  to  me,  namely,  that  of  varieties  of  maize, 
which  were  greatly  modified  in  the  course  of  only  two  or  three 
generations  when  taken  from  a  tropical  country  to  a  cooler  one,  or 
conversely.  Dr.  Falconer  informs  me  that  he  has  seen  the  English 
Bibston-pippin  apple,  a  Himalayan  oak,  Prunus  and  Pyrus,  all  assume 
in  the  hotter  parts  of  India  a  fastigate  or  pyramidal  habit ;  and  this 
fact  is  the  more  interesting,  as  a  Chinese  tropical  species  of  Pyrus 
naturally  grows  thus.  Although  in  these  cases  the  changed  manner 
of  growtii  seems  to  have  been  directly  caused  by  the  great  heat,  we 
know  that  many  fasti^te  trees  have  originated  in  their  temperate 
homes.  In  the  Botanic  Gardens  of  Ceylon  the  apple-tree^  "  sends 
out  numerous  runners  imder  ground,  which  oontinually  rise  into 
small  stems,  and  form  a  growth  around  the  parent -tree.'*  The 
varieties  of  the  cabbage  which  produce  heads  in  Europe  fail  to  do  so 
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in  certain  tropical  oonntries.**  The  Rhododendron  ciliatum  prodnced 
at  Kew  flowers  so  much  larger  and  paler-colonred  than  those  which 
it  beam  on  its  native  Himalayan  mountain,  that  Dr.  Hooker  **  would 
hardly  have  recognised  the  species  by  the  flowers  alone.  Many 
similar  facts  with  respect  to  the  colour  and  size  of  flowers  could 
be  given. 

The  experiments  ot  Vilmorin  and  Buckman  on  carrots  and 
parsnips  prove  that  abundant  nutriment  produces  a  definite  and 
inheritable  effect  on  tho  roots,  with  scarcely  any  change  in  other 
parts  of  the  plant  Alum  directly  influences  the  colour  of  the 
flowers  of  the  Hydrangea."  Dryness  seems  generally  to  favour  the 
hairiness  or  villosity  of  plants.  Gartner  found  that  hybrid 
Verbascums  became  extremely  woolly  when  grown  in  pots.  Mr. 
Masters,  on  the  other  hand,  states  that  the  Opyntia  Uucotriclui  "is 
"  well  clothed  with  beautiful  white  hairs  when  grown  in  a  damp 
"  heat,  but  in  a  dry  heat  exhibits  none  of  this  peculiarity."  **  Slight 
variations  of  many  kinds,  not  worth  specifying  in  detail,  are  retained 
only  as  long  as  plants  are  grown  in  certain  soils,  of  which  Sageret*^ 
gives  some  instances  from  his  own  exi>erience.  Odart,  who  insists 
strongly  on  the  permanence  of  the  varieties  of  the  grape,  admits' 
that  some  varieties,  when  grown  under  a  different  climate  or  treated 
differently,  vary  in  a  slight  degree,  as  in  the  tint  of  the  fruit  and  in 
the  period  of  ripening.  Some  authors  have  denied  that  grafting 
causes  even  the  slightest  difference  in  the  scion;  but  there  is 
sufficient  evidence  that  the  fruit  is  sometimes  slightly  affected  in 
size  and  flavour,  the  leaves  in  duration,  and  the  flowers  in  appear- 
ance." 

There  can  be  no  doubt,  from  the  &cts  given  in  the  flrst 
chapter,  that  European  dogs  deteriorate  in  India,  not  only  in 
their  instincts  but  in  structure;  but  the  changes  which  they  undergo 
are  of  such  a  nature,  that  they  may  be  partly  due  to  reversion  to  a 
primitive  form,  as  in  the  case  of  feral  animals.  In  parts  of  India  the 
turkey  becomes  reduced  in  size, "  with  the  i)endulou8  appendage  over 
the  beak  enormously  developed.'"^  We  have  seen  how  soon  the  wild 
duck,  when  domesticated,  loses  its  true  character,  from  the  effects  of 
abundant  or  changed  food,  or  from  taking  little  exercise.  From  the 
direct  action  of  a  humid  climate  and  poor  pasture  the  horse  rapidly 
decreases  in  size  in  the  Falkland  Islands.    From  information  which 
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I  have  received,  this  seems  likewise  to  be  the  case  to  a  certain 
extent  with  sheep  in  Austrah'a. 

Climate  de6nitoly  influences  the  hairy  covering  of  animals ;  in 
the  West  Indies  a  great  change  is  produced  in  the  fleece  of  sheep, 
in  about  t^ree  generations.  Dr.  Falconer  states'^  that  the  Thibet 
mastifif  and  goat,  when  brought  down  hx>m  the  Himalaya  to 
Kashmir,  lose  their  fine  wool.  At  Angora  not  only  goats,  but 
shepherd-dogs  and  cats,  have  fine  fleecy  hair,  and  Mr.  Ainsworth  ^ 
attributes  the  thickness  of  the  fleece  to  the  severe  winters,  and  its 
silky  lustre  to  the  hot  summers.  Bumes  states  positively  "  that  the 
Karakool  sheep  lose  their  peculiar  black  curled  fleeces  when  removed 
into  any  other  country.  Even  within  the  limits  of  England,  I  have 
been  assured  that  the  wool  of  two  breeds  of  sheep  was  slightly 
changed  by  the  flocks  being  pastured  in  different  localities.'^  It 
has  been  asserted  on  good  authority  **  that  horses  kept  during 
several  years  in  the  deep  coal-mines  of  Belgium  become  covered 
with  velvety  hair,  almost  like  that  on  the  mole.  These  cases 
probably  stand  in  close  relation  to  the  natural  change  of  coat  in 
winter  and  summer.  Naked  varieties  of  several  domestic  animals 
have  occasionally  appeared ;  but  there  is  no  reason  to  believe  that 
this  is  in  any  way  related  to  the  nature  of  the  climate  to  which 
they  have  be^  exposed.* 

It  appears  at  first  sight  probable  that  the  increased  size,  the 
tendency  to  fatten,  the  early  maturity  and  altered  forms  of  our 
improved  cattle,  sheep,  and  pigs,  have  directly  resulted  from  their 
abundant  supply  of  food.  This  is  the  opinion  of  many  competent 
judges,  and  probably  is  to  a  great  extent  true.  But  as  fetr  as  form  is 
concerned,  we  must  not  overlook  the  more  potent  influence  of 
lessened  use  on  the  limbs  and  lungs.  We  see,  moreover,  as  fur  as 
size  is  concerned,  that  selection  is  apparently  a  more  powerful  agent 
than  a  large  supply  of  food,  for  we  can  thus  only  account  for  the 
existence,  as  remarked  to  me  by  Mr.  Blyth,  of  the  largest  and 
smallest  breeds  of  sheep  in  the  same  country,  of  Cochin-China  fowls 
and  Bantams,  of  small  Tumbler  and  large  Runt  pigeons,  all  kept 
together  and  supplied  with  abundant  nourishment.  Nevertheless 
there  can  be  little  doubt  that  our  domesticated  animals  have  been 
modifled,  independently  of  the  increased  or  lessened  use  of  parts,  by 
the  conditions  to  which  they  have  been  subjected,  without  the  aid 
of  selection.    For  instance.  Prof.  Butimeyer  ^  shows  that  the  bones  of 


»  <  Natural  HUtory  Review,'  1862, 
p.  113. 

**  *  Journal  of  Roy.  Geographical 
3oc,'  vol.  ix.,  1839,  p  275. 

••  <TraveU  in  Bokhara,'  toI.  iii.  p. 
151. 

**  See  also,  on  the  influence  of 
manhy  pastures  on  the  wool,  Godron, 
<L'Kspte^'tom.iLp.22. 

•*  Is&lort   0«>ffroy   Samt-Hilaire, 


<Hi8t  Nat.  G^n.,'  torn.  iii.  p.  438. 

^  Azara  has  made  some  good  re- 
marks on  this  subject,  *  Quadruplet 
du  Paraguay,'  torn.  ii.  p.  337.  See 
an  account  of  a  family  of  naked  mice 
produced  in  England,  'Proc.  Zoolog. 
Soc.,'  1856,  p.  38. 

*'  <Die    Fauna  der  PfaUbantv^ 
1861,  s.  15. 
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domesticated  quadrupeds  can  be  distinguished  from  those  of  wild 
animals  by  the  state  of  their  snrface  and  general  appearance.  It  is 
scarcely  possible  to  read  Nathnsiu8*s  excellent  'Vorstudien/*  and 
doubt  that,  with  the  highly  improved  races  of  the  pig.  abundant 
food  has  produced  a  conspicuous  effect  on  the  ceneral  form  of  the 
l)ody,  on  the  breadth  of  the  head  and  face,  ana  even  on  the  teeth. 
NathusiuB  rests  much  on  the  case  of  .a  purely  bred  Berkshire  pig, 
which  when  two  months  old  became  diseased  in  its  digestive  organs, 
and  was  preserved  for  oliservation  until  nineteen  months  old;  at 
this  age  it  had  lost  several  characteristic  features  of  the  breed,  and 
had  acquired  a  long,  narrow  hi  ad,  of  large  size  relatively  to  its 
small  body,  and  elongated  legs.  But  in  tbis  case  and  in  some  others 
we  ought  not  to  assume  that,  because  certain  characters  are  lost, 
perhaps  through  reversion,  under  one  course  of  treatment,  therefore 
that  they  were  at  first  directly  produced  by  an  opposite  treatment. 

In  the  cane  of  the  rabbit,  which  has  become  feral  on  the  island  o! 
Porto  Santo,  we  are  at  first  strongly  tempted  to  attribute  the 
whole  chaDge — the  greatly  reduced  size,  tlie  altered  tints  of  the  fur, 
and  the  loss  of  certain  characteristic  marka — to  the  definite  action 
of  the  new  conditions  to  which  it  has  been  exposed.  But  in  all  such 
cases  we  have  to  consider  in  addition  the  tendency  to  reversion  to 
progenitors  more  or  lees  remote,  and  the  natural  selection  of  the 
finest  shades  of  differenoo. 

The  nature  of  the  food  sometimes  either  definitely  induces  certain 
peculiarities,  ( r  stands  in  some  close  relation  with  them.  Pallas 
long  ago  asserted  that  the  fat-tailed  sheep  of  Siberia  degenerate 
and  lose  their  enormous  tails  when  removed  from  certain  saline 
pastures ;  and  recently  Erman  "^  states  that  this  occurs  with  the 
Kirgisian  sheep  when  brought  to  Orenburgh. 

It  is  well  known  that  hemp-seed  causes  bullfinches  and  certain 
other  birds  to  become  black.  Mr.  Wallace  has  communicated  tome 
some  much  more  remarkable  facts  of  the  same  nature.  The  natives 
of  the  Amazonian  region  feed  the  common  green  parrot  (Chryiotia 
/e^tiiHi,  Linn.)  with  the  fat  of  large  Siluroid  fishes,  and  the  birds 
thus  treated  become  beautifully  variegated  with  red  and  yellow 
feathers.  In  the  Malayan  archipelago,  the  natives  of  Gilolo  alter  in 
an  analogous  manner  the  colours  of  another  parrot,  namely,  the 
Lorius  ffarrulus,  Linn.,  and  thus  produce  the  Lori  rajcth  or  King- 
Lory.  These  parrots  in  the  Malay  Islands  and  South  America, 
when  fed  by  the  natives  on  natural  vegetable  food,  such  as  rice  and 
plaintains,  retain  their  proper  colours.  Mr.  Wallace  has,  also,  re- 
corded^^  a  still  more  singular  fact.  "  The  Indians  (of  S.  America) 
**  have  a  curious  ai't  by  which  they  change  the  colours  of  the  feathers 
"  of  many  birds.  They  pluck  out  those  from  the  part  they  wish  to 
''  paint,  and  inoculate  the  fresh  wound  with  the  milky  secretion 
"  m>m  the  skin  of  a  small  toad.    The  feathers  grow  of  a  brilliant 


**  'SchweineschideV  1864,8.99.  ««  A.  R.  Wallace,  'Travels  on  the 

"  '  Travels  in  Siberia,'  £ng.  trans-       Amazon  and  Rio  Negro,*  p.  21*4. 
Iat.y  vol.  L  p.  228. 
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"  yellow  colour,  aod  on  being  plucked  out,  it  is  said,  grow  again  of 
'*  the  same  colour  without  any  fresh  operation  ** 

Bochstein^  does  not  entertain  any  doubt  that  seclusion  from 
light  affects,  at  least  temporarily,  the  colours  of  cage-birds. 

It  is  well  known  that  the  shells  of  land-moltusca  are  affected  by 
the  abundance  of  lime  in  different  districts.  Isidore  Geoffroy  Saint- 
Hilaire  **  gives  the  case  of  Edix  lactea,  which  has  recently  been 
carried  from  Spain  to  the  South  of  France  and  to  the  Rio  Plata,  and 
in  both  countries  now  presents  a  distinct  appearance,  but  whether 
this  has  resulted  from  food  or  climate  is  not  known.  With  respect 
to  the  common  oyster,  Ifr.  F.  Buckland  informs  me  that  he  can 
generally  distinguish  the  shells  from  different  districts;  young 
oysters  brought  from  Wales  and  laid  down  in  beds  where  "  nativei " 
are  indigenous,  in  the  short  space  of  two  months  begin  to  assume 
the  "  native  "  character.  M.  Gosta^  has  recorded  a  much  more  re- 
markable case  of  the  same  nature,  namely,  that  young  shells  taken 
from  the  shores  of  i^gland  and  placed  in  the  Mediterranean,  at 
once  altered  their  manner  ofgrowth  and  farmed  prominent  diverging 
rays,  like  those  on  the  shells  of  the  proper  Mediterranean  oyster.  The 
same  individual  shell,  showing  both  torms  of  growth,  was  exhibited 
before  a  society  in  Paris.  Lastly,  it  is  well  known  that  caterpillars 
fed  on  different  food  sometimes  either  themselves  acquire  a  different 
colour  or  produce  moths  differing  in  colour.^ 

It  would  be  travelling  beyond  my  proper  limits  here  to  discuss 
how  far  organic  beings  in  a  state  of  nature  are  definitely  modified 
by  ohangea  conditions.  In  m^  '  Origin  of  Species '  I  have  given  a 
brief  abstract  of  the  facts  bearmg  on  this  point,  and  have  shown  the 
influence  of  li^^ht  on  the  colours  of  birds,  and  of  residence  near  the 
sea  on  the  lurid  tints  of  insects,  and  on  the  succulency  of  plants. 
Mr.  Ilerbert  Spencer*'  has  recently  discussed  with  much  ability 
this  whole  subject  on  general  grounds.  He  argues,  for  instance, 
that  with  all  animals  the  external  and  internal  tissues  are  differently 
acted  on  by  the  surrounding  conditions,  and  they  invariably  differ 
in  intimate  structure.  So  again  the  upper  and  lower  surfaces  of 
true  leaves,  as  well  as  of  stems  and  petioles,  when  these  assume 


**  <  Katurgeschichte  der  Stuben- 
TOgel/  1840,8.262,308. 

«*  <Hist.  Nat  G^n.,'  torn.  iu.  p. 
402. 

«*  « Ball,  de  la  Soc  Imp.  d'Aodi- 
xnat.,'  torn.  viii.  p.  351. 

**  See  an  account  of  Mr.  Gregson's 
expariments  on  the  Abraxtu  gronv^ 
lariata,  '  Proc  Entomolog.  Soc,'  Jan. 
6th,  1862:  these  ezperimentu  have 
Iteen  confirmed  by  Mr.  Greening,  in 
*Proc.  of  the  Northern  Entomolog. 
Soc.,'  Jaly  28th,  1862.  For  the  effecU 
of  food  on  caterpillars,  eee  a  curio  as 
account  hj  M.  Michely,  in  *  Bull,  de 


la  Soc  Imp.  d'Acclimai.,'  torn.  viii.  p. 
563.  For  analogous  facta  from 
Dahlbom  on  Hymenoptera,  m»  West- 
wood's  '  Modem  Class,  of  Insects,'  vol. 
ii.  p.  98.  See  also  Dr.  L.  MoUer, 
'Die  Abh&ngigkeit  der  Insecten,' 
1867,  s.  70. 

**  *  The  Principles  of  Biology,'  toI. 
ii.,  1866.  The  present  chapters  were 
written  before  I  had  read  Mr.  Her- 
bert Spencer's  work,  so  that  I  hare 
not  been  able  to  make  so  much  use  of 
it  as  I  should  otherwise  probably 
hare  done. 
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the  ftmciion  and  occupy  the  podtion  of  leaTes^  are  differently 
circumstuiced  with  respect  to  light,  &o.,  and  apparently  in  con- 
sequence differ  in  structure.  But,  as  Mr.  Herbert  Spencer  admits, 
it  is  most  difficult  in  all  such  cases  to  distinguish  between  the 
effects  of  tiie  definite  action  of  physical  conditions  and  the  accumu- 
lation through  natural  selection  of  inherited  yariations  which  are 
serviceable  to  the  organism,  and  which  have  arisen  independently 
of  the  definite  action  of  these  conditions. 

Although  we  are  not  here  oonoemed  with  the  definite 
action  of  the  conditi.^ns  of  life  on  organisms  in  a  state  of 
nature,  I  may  state  that  much  evidence  has  been  gained 
during  the  last  few  years  on  this  subject.  In  the  United 
States,  for  instance,  it  has  been  clearly  proved,  more 
especially  by  Mr.  J.  A.  Allen,  that,  with  birds,  many  species 
differ  in  tint,  size  of  btidy  and  of  beak,  and  in  length  of  tail, 
in  proceeding  from  the  North  to  the  South ;  and  it  appears 
that  these  differences  must  be  attributed  to  the  direct  action 
of  temperatui-o.**  With  respect  to  plants  I  will  give  a  some- 
what analogous  case :  Mr.  Meehan,^^  has  compared  twenty- 
nine  kinds  of  American  trees  with  their  nearest  European 
allies,  all  grown  in  close  proximity  and  under  as  nearly  as 
possible  the  same  conditions.  In  the  American  species  he 
finds,  with  the  rarest  exceptions,  that  the  leaves  fall  earlier  in 
the  season,  and  assume  before  their  fall  a  brighter  tint ;  that 
they  aro  less  deeply  toothed  or  serrated ;  that  the  buds  are 
smaller ;  that  the  trees  are  more  diffuse  in  growth  and  have 
fewer  branchlets ;  and,  lastly,  that  the  seeds  are  smaller— all 
in  comparison  with  the  corresponding  European  species.  Now 
considering  that  these  corresponding  trees  belong  to  several 
distinct  orders,  and  that  they  aro  adapted  to  widely  different 
stations,  it  can  hardly  be  supposed  that  their  differences  are 
of  any  special  service  to  them  in  the  New  and  Old  worlds ; 
and  if  so  such  differences  cannot  have  been  gained  through 
natural  selection,  and  must  be  attributed  to  the  long  con- 
tinued action  of  a  different  climate. 

**  Professor  Weismann   omes   to  other  aathors  on  the  present  subject ; 

the  same  conclusion  with  respect  to  for  instance,  to  Kerner*8  *  Qnte  and 

certain   European    butterflies  in  his  ^chlechte  Arten,'  1866. 

valuable  essay,   *  Ueber  den  Salscn-  «'  *  Proc.  Acad.  Mat.  See.  of  rhiU« 

Dimorphismus,'  1875.     I  might  also  delphia,'  Jan.  28th,  1862. 
refer  to  the  receat  works  of  vereral 
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OaUs. — Another  class  of  facts,  not  relating  to  cultivated 
plants,  des  3rves  attention.  I  allude  to  the  production  of  galls. 
Every  one  knows  the  curious,  bright-red,  hairy  productions 
on  the  wild  rose-tree,  and  the  various  different  galls  produced 
by  the  oak.  Some  of  the  latter  resemble  fruit,  with  one  face 
as  rosy  as  the  rosiest  apple.  These  bright  colours  can  be  of 
no  service  either  to  the  gall-forming  insect  or  to  the  tree,  and 
probably  are  the  direct  result  of  the  action  of  the  light,  in  the 
same  manner  as  the  apples  of  Nova  Scotia  or  Canada  are 
brighter  coloured  than  English  apples.  According  to  Osten 
Sacken's  latest  revision,  no  less  than  fifty-eight  kinds  of  galls 
are  produced  on  the  several  species  of  oak,  by  Cyuips  with  its 
sub-genera;  and  Mr.  B.  D.  Walsh^^  states  that  he  can  add 
many  others  to  the  list.  One  American  species  of  willow, 
the  SuUix  humtlis,  bears  ten  distinct  kinds  of  galls.  The  leaves 
which  spring  from  the  galls  of  various  English  willows  differ 
completely  in  shape  from  the  natural  leaves.  The  young 
shoots  of  junipers  and  firs,  when  punctured  by  certain  insects, 
yield  monstrous  growths  resembling  flowers  and  fir-cones  ;  and 
the  flowers  of  some  plants  become  from  the  same  cause  wholly 
changed  in  appearance.  Galls  are  produced  in  every  quarter 
of  the  worid ;  of  sevei*al  sent  to  me  by  Mr.  Hiwaites  from 
Ceylon,  some  were  as  symmetrical  as  a  composite  flower 
when  in  bud,  others  smooth  and  spherical  like  a  berry ;  some 
protected  by  long  spines,  others  clothed  with  yellow  wool 
formed  of  long  cellular  hairs,  others  with  regularly  tufted 
hairs.  In  some  galls  the  internal  structure  is  simple,  but  in 
others  it  is  highly  complex ;  thus  M.  Lacaze-Duthiers^*  has 
figured  in  the  common  ink-gall  no  lees  than  seven  concentric 
layers,  composed  of  distinct  tissue,  namely,  the  epidermic, 
sub -epidermic,  spongy,  intermediate,  and  the  hard  protective, 
layer  formed  of  curiously  thickened  woody  cells,  and,  lastly, 
the  central  mass,  abounding  with  starch-granules  on  which 
the  larvse  feed. 

Galls  are  produced  by  insects  of  various  orders,  but  the 

«•  See  Mr.  B.  D.  Walsh's  excellent  1864,  p.  546. 
papers  in    *  Proc.    Entomolog.    Soc  ^  iSw  his  admirable  *  Hist?ir«  dot 

Philadelphia,'  Dec.    1866,    p.    284.  Oalles,'  in  *  Annal.  des  Sc  Nat.  Boi., 

With  Inspect  to  the  willow,  tee  ibid.,  3rd  series,  torn,  xii.,  1833,  p.  273. 
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greater  ndmber  bj  specieB  of  Cynipa.  It  is  impoMible  to  read 
M.  LckCaze-Duthiers'  duicUfrBion  and  doubt  that  tho  poisonous 
secretion  of  the  insect  causes  the  growth  of  the  gall ;  and  every 
one  knows  how  virulent  is  the  poison  secreted  by  wasps  and 
bees,  which  belong  to  the  same  gix>up  with  Cynips.  Oalls 
grow  with  extraordinary  rapidity,  and  it  is  said  that  they 
attain  their  full  size  in  a  few  days  ;  ^°  it  is  certain  that  they 
are  almost  completely  developed  before  the  larvaB  are  Latched. 
Considering  that  many  gall-insects  are  extremely  small,  the 
drop  of  secreted  poison  must  be  excessively  minute ;  it  pro- 
bably acts  on  one  or  two  cells  alone,  which,  being  abnor- 
mally stimulated,  rapidly  increase  by  a  process  of  self-division. 
Galls,  as  Mr.  Walsh^^  remarks,  afford  good,  ooubtant,  and 
definite  characters,  each  kind  keeping  as  true  to  form  as  does 
any  independent  organic  being.  This  fact  becomes  still  more 
remarkable  when  we  hear  that,  for  instance,  seven  out  of  the 
ten  different  kinds  of  galls  pi'oduced  on  Salixhumilis  are  formed 
by  gall-gnats  (Cecidomptdoi)  which  '*  though  essentially  dis- 
"  tinct  species,  yet  resemble  one  another  so  closely  that  in 
'*  almost  aU  cases  it  is  difficult,  and  in  most  cases  impossible, 
^  to  distinguish  the  full-grown  iubocts  one  from  the  othei*."^^ 
For  in  accordance  with  a  wide-spread  analogy  we  may  safely 
infer  that  the  poison  secreted  by  insect:^  so  closely  allied 
would  not  differ  much  in  nature ;  yet  this  slight  difference  is 
sufficient  to  indue  e  widely  different  results. '  In  some  few 
cai>es  the  same  species  of  gall-gnat  produces  on  distinct  species 
of  willows  galls  which  cannot  be  distinguuihed ;  the  Cynips 
fecundatrix,  also,  has  been  known  to  produce  on  the  Turkish 
oak,  to  which  it  is  not  properly  attached,  exactly  tho  same 
kind  of  gall  as  on  the  European  oak.^^  These  latter  facts 
.-apparently  prove  that  the  nature  of  the  poison  is  a  more 
powerful  agent  in  determining  the  form  of  the  gall  than  the 
'specific  character  of  the  tree  which  is  act^d  on. 

As  the  poisonous  secretion  of  insects  belonging  to  various 
orders  has  the  special  power  of  affecting  the  growth  of  various 

'     »•  KirbyandSpence*8*Entomology,'  »«  Mr.  B.  D.  Walsh,  ibid.,  p.  633, 

1818,  Tol.  i.  p.  450 ;  Lacazc-liuthien,  and  Dec.  1866,  p.  ^275. 

Ibid.,  p.  M4.       '  »•  Mr.  B.  D.  WaWi,  Ibid.,  1864,  pp. 

*■*?»>&  Elitomolog.   Soc.    Phila^  546,  411,  495;  aod  Dec.  1866,p.  278L 

delvbia,*  1864,  p.  558.  See'miao  Lacaxe-Duthien. 
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plants ;  as  a  alight  difference  in  the  natnre  of  the  poison  snffioef 
to  produce  widely  different  results ;  and  lastly,  as  we  know 
that  the  chemical  oomponnds  secreted  by  plants  are  eminently 
liable  to  be  modified  by  changed  conditions  of  life,  we  may 
believe  it  possible  that  various  parts  of  a  plant  might  be 
modified  through  the  agency  of  its  own  altered  secretions. 
Compare,  for  instance,  the  mossy  and  viscid  calyx  of  a  moss- 
rose,  which  suddenly  appears  through  bud-variation  on  a 
Provence-rose,  with  the  gall  of  red  moss  growing  from  the 
inoculated  leaf  of  a  wild  rose,  with  each  filament  symmetri- 
cally branched  like  a  microscopical  spruce-fir,  bearing  a 
glandular  tip  and  secreting  odoriferous  gummy  matter.'^  Or 
compare,  on  the  one  hand,  the  iruit  of  the  peach,  with  its 
hairy  skin,  fleshy  covering,  hard  shell  and  kernel,  and  on  the 
other  hand  one  of  the  more  complex  galls  with  its  epidermic, 
spongy,  and  woody  layers,  surrounding  tissue  loaded  with 
starch  granules.  These  normal  and  abnormal  structures 
manifestly  present  a  certain  degree  of  resemblance.  Or, 
again,  reflect  on  the  cases  above  given  of  parrots  which  have 
had  their  plumage  brightly  decorated  through  some  change 
in  their  blood,  caused  by  having  been  fed  on  certain  fishes,  or 
locally  inoculated  with  the  poison  of  a  toad.  I  am  far  from 
wishing  to  maintain  that  the  moss-rose  or  the  hard  shell  of 
the  peach-stone  or  the  bright  colours  of  birds  are  actually  due 
to  any  chemical  change  in  the  sap  or  blood ;  but*  these  cases  of 
galls  and  of  parrots  are  excellently  adapted  to  show  us  how 
})Owerfully  and  singularly  external  agencies  may  affect  struc- 
ture. With  such  facts  befi>re  us,  we  need  feel  no  surprise 
at  the  appearance  of  any  modification  in  any  organic  being. 

I  may,  also,  here  allude  to  the  remarkable  effects  which  parasitic 
fangi  sometimes  produce  on  plants.  Beissek"  has  described  a 
Thesium,  affected  by  an  (Ecidium,  which  was  greatly  modified,  and 
assumed  some  of  the  characteristic  features  of  certain  allied  species, 
o?  G^en  genera.  Suppose,  says  Beissek,  "  the  condition  originally 
^  caused  Dy  the  fungus  to  become  oonstent  in  the  course  of  time, 
"  the  plant  would,  if  found  growing  wild,  be  cmsidered  as  a  distinct 
"  species  or  even  as  belonging  to  a  new  genus.*    I  quote  this 

^  LaeaM-Dathlen,  ibid.,  pp.  325,  by  Dr.  M.  T.  Hasten,  Royaj  Isftifo- 
188.  tion,  March    3th,  ISOa 

••  <LiiiB«M,*  ToL  iTii.,  1843 ;  quoted 
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xemaik  to  show  how  piofoniuDy,  yet  in  how  natural  a  manner,  thi^ 
pUmt  must  hare  been  modified  by  the  parasitic  fongns.  Mr. 
Meehan'*  also  states  that  three  species  of  Eaphorbia  and  Fortulaca 
clermeea^  which  naturally  grow  prostrate,  become  erect  when  they 
are  attacked  by  the  (Ecidium.  Kuphwrina  maculeUa  in  this  case  idso 
becomes  nodose,  with  the  branchlets  oompaiatiTely  eanooth  and  the 
leaves  modified  in  shape,  approaching  in  these  respects  to  a  distinct 
species,  namely,  the  K  hyperieifolia. 

FaeU  and  C(m$ideratton$  opptmed  to  the  hdief  that  the  ConditioM 
of  Life  ad  in  a  potent  manner  in  eaueinj  definite  Modificaiiom 
of  Structure^ 

I  have  alluded  to  the  slight  differences  in  specios  naturally 
living  in  distinct  countries  under  different  conditions;  and 
such  differences  we  feel  at  first  inclined  to  attribute,  pro(>ably 
often  with  justice,  to  the  definite  action  of  the  surrounding  con- 
ditions. But  it  must  be  borne  in  mind  that  there  exist  many 
animals  and  plants  which  range  widely  and  have  been  exposed 
to  great  diversities  of  climate,  yet  remain  uniform  in  character. 
Some  authors,  as  previously  remarked,  aocount  for  the  varie- 
ties of  our  culinary  and  agricultural  plants  by  the  detinite 
action  of  the  conditions  io  which  they  have  been  exposed  in 
the  different  parts  of  Great  Britain ;  but  there  are  about  200 
plants  *^  which  are  found  in  every  single  English  county ;  and 
these  plants  must  have  been  exposed  for  an  immense  period 
to  considerable  differences  of  climate  and  soil,  yet  do  not 
differ.  So,  again,  some  animals  and  plants  range  over  a  large 
portion  of  the  world,  yet  retain  the  same  character. 

Notwithstanding  the  facts  previously  given  on  the  occurrence  of 
highly  peculiar  local  diseases  and  on  the  strange  modifications  of 
structure  in  plants  caused  by  the  inoculated  poison  of  insects,  and 
other  analogous  cases;  still  there  are  a  multitude  of  variations — 
such  as  the  modified  skull  of  the  niata  ox  and  bulldog,  the  long 
horns  of  Gaffire  cattle,  the  conjoined  toes  of  the  solid-hoofed  swine, 
the  immense  crest  and  protuberant  skull  of  Polish  fowls,  the  crop 
of  the  pouter-pigeon,  and  a  host  of  other  such  cases— which  we  can 
hardly  attribute  to  the  definite  action,  in  the  sense  before  specified, 
of  the  external  conditions  of  life.  No  doubt  in  every  case  there 
must  have  been  some  exciting  cause;  but  as  we  see  innumerable 


M  <  Proc  Acad.  Kat.  Sc.,  Pkiladel-  »  Hewett    ^    WatMS,    <  C^bth 

»hia,'  Jnat  1<5,  1S74,  and  July  28,      Britiinnica,'  toi  L,  1847,  p.  11. 
187&. 
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individaals  exposed  to  nearly  the  same  conditions,  and  one  alone  is 
affected,  we  may  conclude  that  the  constitution  of  the  individual  is 
of  far  higher  importance  than  the  conditions  to  which  it  has  been 
exposed.  It  seems,  indeed,  to  be  a  general  rule  that  conspicuous 
Tariations  occur  rarely,  and  in  one  individual  alone  out  of  millions, 
though  all  may  have  been  exposed,  as  far  as  we  can  judge,  to  nearly 
the  same  conditions.  As  the  most  strongly  marked  variations 
graduate  insensibly  into  the  most  trifling,  we  are  led  by  the  same 
train  of  thought  to  attribute  each  slight  variation  much  more  to 
innate  differences  of  constitution,  however  caused,  than  to  the 
definite  action  of  the  surrounding  conditions. 

We  are  led  to  the  same  conclusion  by  considering  the  cases, 
formerly  alluded  to,  of  fowls  and  pigeons,  which  have  varied  and 
will  no  doubt  go  on  varying  in  directly  opposite  ways,  though  kept 
during  many  generations  under  nearly  the  same  conditions.  Some, 
for  instance,  are  bom  with  their  beaks,  wings,  tails,  legs,  &c.,  a 
little  longer,  and  others  with  these  same  parts  a  little  shorter.  By 
the  long-continued  selection  of  such  slight  individual  differences 
which  occur  in  birds  kept  in  the  same  aviary,  widely  different  races 
could  certainly  be  formed ;  and  long-continued  selection,  important 
as  is  the  result,  does  nothing  but  preserve  the  variations  which  arise, 
as  it  appears  to  us,  spontaneously. 

In  these  cases  we  see  that  domesticated  animals  vary  in  an 
indefinite  number  of  particulars,  though  treated  as  uniformly  as 
is  possible.  On  the  other  hand,  there  are  instances  of  animals  and 
plants,  which,  though  they  have  been  exposed  to  very  different 
conditions,  both  under  nature  and  domestication,  have  varied  in 
nearly  the  same  manner.  Mr.  Layard  informs  me  that  he  has 
observed  amongst  the  Caffres  of  South  Africa  a  dog  singularly  like 
an  arctic  Esquimaux  dog.  Pigeons  in  India  present  noatly  th^ 
same  wide  diversities  of  colour  as  in  Europe;  and  I  have  seen 
chequered  and  simply  barred  pigeons,  and  pigeons  with  blue  and 
white  loins,  from  Sierra  Leone,  Madeira,  Englaiid,  and  India.  New 
varieties  of  flowers  are  continually  raised  in  different  parts  of  Great 
Britain,  but  many  of  these  are  found  by  the  judges  at  our  exhibitions 
to  be  almost  identical  with  old  varieties.  A  vast  number  of  new 
fruit-trees  and  culinary  vegetables  have  been  produced  in  North 
America  :  these  differ  from  Europ^n  varieties  in  the  same  general 
manner  as  the  several  varieties  raised  in  Europe  differ  from  one 
another;  and  no  one  has  ever  pretended  that  the  climate  of  America 
has  given  to  the  many  American  varieties  any  general  character  by 
which  they  can  be  recognised.  Nevertheless,  from  the  facts  pre- 
viously advanced  on  the  authority  of  Mr.  Meehan  with  respect  to 
American  and  European  forest-trees  it  would  be  rash  to  affinn  that 
varieties  raised  in  the  two  countries  would  not  in  the  course  of 
ages  assume  a  distinctive  character.  Dr.  M.  Masters  has  recorded  a 
striking  ftucf*  bearing  on  this  subject:  he  raised  numerous  plants 

••  'Gardener's  dironicle,'  1857,  p.  6'29. 
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of  ffifbitcun  nyriacus  from  fie'  d  collected  in  Sonth  Carolina  and  the 
Holy  Land,  where  the  parent-plants  must  have  been  exposed  to 
eonsiderably  different  conditions;  yet  the  seedlings  from  botfi 
localities  broke  into  two  similar  strains,  one  with  obtuse  leayes  and 
purple  or  crimson  flowers,  and  the  other  with  elongated  leaves  and 
more  or  less  pink  flowers. 

We  may,  also,  infer  the  prepotent  influence  of  the  constitution  of 
the  organism  over  the  definite  action  of  the  conditions  of  life,  from 
the  seyeral  cases  given  in  the  earlier  chapters  of  parallel  series  of 
varieties, — an  important  subject,  hereafler  to  be  more  fully  dis^ 
cusEed.  Sub- varieties  of  the  several  kinds  of  wheat,  gourds,  peaches, 
and  other  plants,  and  to  a  limited  extent  sub- varieties  of  uie  fowl, 
pigeon,  and  dog,  have  been  shown  either  to  resemble  or  to  differ 
from  one  another  in  a  closely  corresponding  or  parallel  manner. 
In  other  cases,  a  variety  of  one  species  resembles  a  distinct  species ; 
or  the  varieties  of  two  distinct  species  resemble  one  another. 
Although  these  parallel  resemblances  no  doubt  often  result  from 
reversion  to  the  former  characters  of  a  conmion  progenitor ;  yet  in 
other  cases,  when  new  characters  first  appear,  the  resemblance  must 
be  attributed  to  the  inheritance  of  a  similar  constitution,  and  con- 
sequently to  a  tendency  to  vary  in  the  Fame  manner.  We  see 
something  of  a  similar  kind  in  the  same  monstrosity  appearing  and 
reappearing  many  times  in  the  same  species  of  animal,  and,  as  Dr. 
Maxwell  Masters  has  remarked  to  me,  in  the  same  species  of  plant. 

We  may  at  least  conclude,  that  the  amount  of  modification 
which  animals  and  plants  have  undergone  under  domestication 
does  not  correspond  with  the  degree  to  which  tliey  have  been 
subjected  to  changed  circumstances.  As  we  know  the  parent- 
age of  domesticated  birds  far  better  than  ci  most  quadrupeds, 
we  will  glance  through  the  list.  The  pigeon  has  varied  in 
Europe  more  than  almost  any  other  bird ;  yet  it  is  a  native 
species,  and  has  not  been  exposed  to  any  extraordinary  change 
of  oonditions.  The  fowl  has  varied  equally,  or  almost  equally, 
with  the  pigeon,  and  is  a  native  of  the  hot  jungles  of  India. 
Neither  the  peacock,  a  native  of  the  same  country,  nor  the 
guinea-fowl,  an  inhabitant  of  the  dry  deserts  of  Africa,  has 
varied  at  all,  or  only  in  colour.  The  turkey,  from  Mexico, 
has  varied  but  little.  The  duck,  on  the  other  hand,  a  native 
of  Europe,  has  yielded  some  well -marked  races ;  and  as  this 
is  an  aquatic  bird,  it  must  have  been  subjected  to  a  far  more 
eerious  change  in  its  habits  than  the  pigeon  or  even  the  fowl, 
which  nevertheless  have  varied  in  a  much  higher  degree. 
The  goose,  a  native  of  Europe  and  aquatic  like  the  luck,  has 


273  DEFINITE  ACTION  OF  THB  Chap.  XXIIL 

Tailed  leas  than  any  other  domesticated  bird,  except  tha 
peacock. 

Bud-variatiou  is,  also,  important  under  our  present  point  of 
riew.  In  some  few  cases,  as  when  all  the  eyes  on  the  same 
tuber  of  the  potato,  or  all  the  fruit  on  the  same  plum-tree,  or 
all  the  flowers  on  the  same  plant,  hare  suddenly  varied  in  the 
aame  manner,  it  might  be  argued  that  the  variation  had  been 
definitely  caused  by  some  change  in  the  conditions  to  whit^fa 
the  plants  had  been  exposed;  yet,  in  other  cases,  such  an 
admission  is  extremely  difficult.  As  new  characters  some- 
times appear  by  bud-variation,  which  do  not  occur  in  the 
parent-species  or  in  any  allied  species,  we  may  reject,  at  least 
in  these  cases,  the  idea  that  they  are  due  to  reversion.  Now 
it  is  well  worth  while  to  reflect  maturely  on  some  striking 
case  of  bud  variation,  for  instance  that  of  the  peach.  This^ 
tree  has  been  cultivated  by  the  million  in  various  parts  of  the 
world,  has  been  treated  diffidrently,  grown  on  its  own  roots 
and  grafted  on  various  stocks,  planted  as  a  standard,  trained 
against  a  wall,  or  under  glass;  yet  each  bud  of  each  sub- 
variety  keeps  true  to  its  kind.  But  occasionally,  at  long 
intervals  of  time,  a  tree  in  England,  or  under  the  widely 
difif^rent  climate  of  Virginia,  provinces  a  single  bud,  and  thitf 
yields  a  branch  which  ever  afterwards  bears  nectarines. 
Nectarines  differ,  as  every  one  knows,  from  peaches  in  their 
smoothness,  size,  and  flavour ;  and  the  difference  is  so  great 
that  some  botanists  have  maintained  that  they  are  speci- 
fically distinct.  So  permanent  are  the  characters  thus 
suddenly  acquired,  that  a  nectarine  produced  by  bud-variation 
has  propagated  itself  by  seed.  To  guard  against  the  supposi* 
tion  that  there  is  some  fundamental  distinction  between  bud 
and  seminal  variation,  it  is  well  to  bear  in  inind  that 
nectarines  have  likewise  been  produced  from  the  stone  of  the 
peach ;  and,  reversely,  peaches  from  the  stone  of  the  nectarine. 
Now  is  it  possible  to  conceive  external  conditions  more 
closely  alike  than  those  to  which  the  buds  on  the  same  tree 
are  exposed  ?  Tet  one  bud  alone,  out  of  the  many  thousands 
borne  by  the  same  tree,  has  suddenly,  without  any  apparent 
cause,  produced  a  nectarine  But  the  C€U3e  is  even  stronger 
than  this,  fur  the  same  flower-bud  has  yielded  a  fruit,  one* 
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half  or  one-qnarter  a  nectarine,  and  the  other  half  or  three* 
quarters  a  peach.  Again,  seven  or  eight  varieties  of  the 
peach  have  yielded  hy  bud-variation  nectarines :  the  nectarines 
thus  produced,  no  doubt,  differ  a  little  from  one  another; 
but  still  they  are  nectarines.  Of  course  there  must  be 
some  cause,  internal  or  external,  to  excite  the  peach- bud  to 
change  its  nature;  but  I  cannot  imagine  a  class  of  facts 
better  adapted  to  force  on  our  minds  the  conviction  that 
what  we  call  the  external  conditions  of  life  are  in  many  cases 
quite  insignificant  in  relation  to  auv  particular  variation,  in 
comparison  with  the  organisation  or  constitution  of  the  being 
which  varies. 

It  is  known  from  the  labours  of  Geoffrey  Saint-Hilaire,  and 
recently  from  those  of  Dareste  and  others,  that  eggs  of  the 
fowl,  if  shaken,  placed  upright,  perforated,  covered  in  part 
with  varnish,  &c.,  produce  monstious  chickens.  Now  these 
monstrosities  may  be  said  to  be  directly  caused  by  such 
unnatural  conditions,  but  the  modifications  thus  induced  are 
not  of  a  definite  nature.  An  excellent  observer,  M.  Camille 
Dareste,^'  remarks  '*  that  the  various  species  of  monstrosities 
"  are  not  determined  by  specific  causes ;  the  external  agencies 
which  modify  the  development  of  the  embryo  act  solely  in 
causing  a  perturbation — a  perversion  in  the  normal  course  of 
development."  He  compares  the  result  to  what  we  see  in 
illness  :  a  sudden  chill,  for  instance,  affects  one  individual 
alone  out  of  many,  causing  either  a  cold,  or  sore-throat,  rheu- 
matism, or  inflammation  of  the  lungs  or  pleura.  Contagious 
matter  acts  in  an  analogous  manner.^®  We  may  take  a  still 
more  specific  instance :  seven  pigeons  were  struck  by  rattle- 
snakes:^^ some  suffered  from  convulsions;  some  had  their 
blood  coagulated,  in  others  it  was  perfectly  fluid;  some 
showed  eochymosed  spots  on  the  hoart^,  others  on  the  intestines, 
Ao, ;  others  again  showed  no  visible  lesion  in  any  organ.  It 
is  well  known  that  excess  in  drinking  causes  different  diseases 

<*    'Mtooire    stir  la    Production  his  *  yie,Travauz,' &a,  2S47,p.  290. 
▲rtificieile  des  Monstraosit^'  1862,  **  Paget,    '  Lectarm    on    Surgical 

pp.  S-12 ;  *  Reehcrches  sur  lea  Condi-  Pathology,'  1853,  vol.  i.  p.  483. 
iions,  &C.,  chex  las  Monstres,'  1863,  *^  *  Researches  upon  the  Venom  of 

p.    '*•     An    abstract   is    giren    of  the  Riittle-snaice,'  Jan.  1861,  bj  Dr. 

deoffroj's  Experimants  hj  his  son,  in  Mitchell,  p.  67. 
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ill  different  men ;  but  in  the  tropics  the  effects  of  intemper- 
ance differ  from  those  caused  in  a  cold  climate ;  '^  and  in  this 
case  we  see  the  definite  influence  of  opposite  conditions. 
The  foregoing  facts  apparently  give  us  as  good  an  idea  as 
we  are  likely  for  a  long  time  to  obtain,  how  in  many  cases 
external  conditions  act  directly,  though  not  definitely,  in 
causing  modifications  of  structure. 

Summary,^ There  can  be  no  duubt,  from  the  facts  given  in 
this  chapter,  that  extremely  slight  changes  in  the  conditions 
of  life  sometimen,  probably  often,  act  in  a  definite  manner 
on  our  domesticated  productions;  and,  as  the  action  of 
changed  conditions  in  causing  indefinite  variability  is  accumu- 
lative, so  it  may  be  with  their  definite  action.  Hence 
considerable  and  definite  modifications  of  structure  probably 
follow  from  altered  conditions  acting  during  a  hmg  series  of 
generations.  In  some  few  instances  a  marked  effect  has  been 
produced  quickly  on  all,  or  nearly  all,  the  individuals  whitsh 
have  been  exposed  to  a  marked  change  of  climate,  food,  or 
other  circumstance.  This  has  occurred  with  European  men  in 
the  United  States,  with  European  dogs  in  India,  with  horses 
in  the  Falkland  Islands,  apparently  with  various  animals  at 
Angora,  with  foreign  oysters  in  the  Mediterranean,  and  with 
maize  transported  from  one  climate  to  another.  We  have 
seen  that  the  chemical  compounds  of  some  plants  and  the 
state  of  their  tissues  are  readily  affected  by  changed  condi- 
tions. A  relation  apparently  exists  between  certain  characters 
and  certain  conditions,  so  that  if  the  latter  be  changed  the 
character  is  lost — as  with  the  colours  of  flowers,  the  state  of 
some  culinary  plants,  the  fruit  of  the  melon,  the  tail  of 
fat-tailed  sheep,  and  the  peculiar  fleeces  of  other  sheep. 

The  production  of  galls,  and  the  change  of  plumage  in  parrots 
when  fed  on  peculiar  food  or  when  inoculated  by  the  poison 
of  a  toa^  prove  to  us  what  great  and  mysterious  changes  in 
structure  and  colour,  may  be  the  definite  result  of  chemical 
changes  in  the  nutrient  fluids  or  tissues. 

We  now  almost  certainly  know  that  organic  beings  in  a 

••  Mr.  Sodgiviok,  in  *  British  nn\  t-oreien  M»"lico-('hinirg.  Review,'  Jalj 
1863,  p.  17">. 
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Ntate  of  natuie  ma}'  be  mcidifiod  in  varioiis  defiiuto  wa3r8  bj 
the  oondition.s  to  which  they  have  been  long  exposed,  as  in 
the  case  of  the  birds  and  other  animals  in  the  northern  and 
southei-n  United  States,  and  of  American  trees  in  comparison 
with  their  representatives  in  Europe.  But  in  many  cases  it 
is  most  difficult  to  distinguish  between  the  definite  result  of 
changed  conditions,  and  the  accumulation  through  natural 
selection  of  indefinite  variations  which  have  prove  serviceable. 
If  it  profited  a  plant  to  inhabit  a  humid  instead  of  an  arid 
station,  a  fitting  change  in  iti  constitution  might  possibly 
result  from  the  direct  action  of  the  environment,  though  we 
have  no.  grounds  for  believing  that  variations  of  the  right 
kind  would  occur  more  frequently  with  plants  inhabiting  a 
station  a  little  more  humid  than  usual,  than  with  other  plants. 
Whether  the  station  was  unusually  dry  or  humid,  variations 
adapting  the  plant  in  a  slight  degree  for  directly  opposite 
habits  of  life  would  occasionally  arise,  as  we  have  good  reason 
to  believe  from  what  we  actually  see  in  other  cases. 

The  organisation  or  constitution  of  the  being  which  is 
acted  on,  is  generally  a  much  more  important  element  than 
the  nature  of  the  changed  conditions,  in  deteimining  the 
nature  of  the  variation.  We  have  evidence  of  this  in  the 
appearance  of  nearly  similar  modifications  under  different 
conditions,  and  of  difierent  modifications  under  apparently 
nearly  the  same  oonditicns.  We  have  still  better  evidence  of 
this  in  closely  parallel  varieties  being  frequently  produced 
from  distinct  races,  or  even  distinct  species ;  and  in  the 
frequent  recurrence  of  tlie  same  monstrosity  in  the  same 
species.  We  have  also  seen  that  the  degree  to  which 
domesticated  birds  have  varied,  does  not  stand  in  any  close 
relation  with  the  amount  of  change  to  which  they  have  been 
subjected. 

To  recur  once  again  to  bud-variations.  When  we  reflect  on 
the  millions  of  buds  which  many  trees  have  produced,  before 
some  one  bud  has  varied,  we  are  lost  in  wonder  as  to  what 
the  precise  cause  of  each  variation  can  be.  Let  us  recall  the 
case  given  by  Andrew  Knight  of  the  forty-year-old  tree  of  the 
yellow  magnum  bonum  plum,  an  old  variety  which  has  been 
propagated  by  grafts  on  vai  i  us  stocks  for  a  very  long  period 
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throughout  Europe  and  North  America,  and  on  which  a 
single  bud  suddonly  produced  the  red  magaum  bonum.  We 
should  also  bear  in  mind  that  distinct  vmeties,  and  even 
distinct  species, — as  in  the  case  of  peaches,  nectarines,  and 
apricots, — of  certain  roses  and  camellias, — althousch  separated 
by  a  vast  number  of  generations  from  any  progenitor  in 
common,  and  although  cultivated  under  diversified  conditions, 
have  yielded  by  bud-variatiou  closely  analogous  varieties. 
When  we  reflect  on  these  facts  we  become  deeply  impressed 
with  the  conviction  that  in  such  cases  the  nature  of  tho 
variation  depends  but  little  on  the  conditions  to  which  the 
plant  has  been  exposed,  and  not  in  any  especial  manner  on 
its  individual  character,  but  much  more  on  the  inherited 
nature  or  constitution  of  the  whole  group  of  allied  beings  to 
which  the  plant  in  question  belongs.  We  are  thus  driven  to 
oonclude  that  in  most  cases  the  conditions  of  life  play  a 
subordinate  part  in  causing  any  particular  modification ;  like 
that  which  a  spark  plays,  when  a  mass  of  combustibles  bursts 
into  flame — the  nature  of  the  flame  depending  on  the  com* 
bustible  matter,  and  not  on  the  spark.^ 

^o  doubt  each  slight  variation  must  have  its  efficient  cause ; 
but  it  is  as  hopeless  an  attempt  to  discover  the  cause  of  each, 
as  to  say  why  a  chill  or  a  poison  affects  one  man  differently 
from  another.  Even  with  modifications  resulting  from  the 
definite  action  of  the  conditions  of  life,  when  all  or  nearly  all 
the  individuals,  which  have  been  similarly  exposed,  are  simi* 
larly  affected,  we  can  rarely  see  the  precise  relation  between 
cause  and  effect.  In  the  next  chapter  it  will  be  shown  that 
the  increased  use  or  disuse  of  various  organs  produces  an 
.inherited  effect.  It  will  further  be  seen  that  certain  varia- 
dons  are  bound  together  by  correlation  as  well  as  by  other 
laws.  Beyond  this  we  cannot  at  present  explain  either  the 
causes  or  nature  of  the  variability  of  organic  beings. 

**  Professor      Weifmann     argues      'Saison-DimorphismiuiderSchmetter' 
sUongly  in  fironr  of  :his  riew  in  his      Unge,'  18"5,  pp.  40-43. 
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CHAPTER  XXIV. 

LAWS  OF  VARIATIO!^ — USB  AND  DISUSE,   BTC. 

«I9r8  V0BMAT1TU8,  OB  THB  00-ORDINATlHO  POWER  OF  THS  OBdAVUATlOff— 
OX  THE  SPFBCTS  OF  THE  IHCBBA8ED  UfflB  AND  DISUSE  OF  OBOAITS— 
CHANGED  HABITS  OF  LIFB — ^AOCLIMATUATION  WITH  ANIMALS  AND  PLANTB 
— TABI0U8  METHODS  BT  WHICH  THIS  CAN  BE  BFFBCmD— ABBBSTB  OF 
DEVELOPMENT — BUDIMENTABT  OBOANS. 

In  this  and  the  two  following  chapters  I  shall  discuss,  as  well 
as  the  difficulty  of  the  subject  permits,  the  several  Ltws  which 
govern  Variability.  These  may  be  grouped  under  the  effects 
of  use  and  disuse,  including  changed  habits  and  acclimatisation 
— arrest  of  development — correlated  variation — the  cohesion 
of  homologous  parts — the  variability  of  multiple  parts — com- 
pensation of  growth — the  position  of  buds  with  respect  to  the 
axis  of  the  plant — ^and  lastly,  analogous  variation.  These 
several  subjects  so  graduate  into  one  another  that  their  dia- 
tinction  is  often  arbitrary'. 

It  may  be  convenient  first  briefly  to  discuss  that  co- 
ordinating and  reparative  po^er  which  is  common,  in  a  higher 
or  lower  degree,  to  all  organic  beings,  and  which  was  formerly 
designated  by  physiologists  as  nimu  formativuB. 

Blumenbach  and  others '  have  insisted  that  the  principle  which 
permits  a  Hydra,  when  cut  into  fragments,  to  develop  itself  into 
two  or  more  perfect  animals,  is  the  same  with  that  which  causes 
a  wound  in  the  higher  animals  to  heal  by  a  cicatrice.  Such  cases 
as  that  of  the  Hydra  are  evidently  analogous  to  the  epontaneous 
division  or  fissiparons  generation  of  the  lowest  animals,  and  like- 
wise to  the  bu<uiing  of  plants.  Between  these  extreme  cases  and 
that  of  a  mere  cicatrice  we  have  every  eradation.  Spallanzani,"  by 
cutting  off  the  legs  and  tail  of  a  Salamander,  got  in  the  course  of  three 
months  six  crops  of  these  members ;  so  that  687  perfect  bones  wero 
reproduced  by  one  animal  during  one  season.    At  whatever  point 


>  <Aa  Z&MLJ  <m  OeneratioB,'  Eag.      209. 
innshit.,  n.  18;  Paseit  *  Lectures  oa  *  'An  Essaj  on  Aoimal  Reprodu^ 

Sargicsl  Psthologj,^  1833,  roL  L  p.      tion,'  £iig.  trmniUt.,  1769,  p.  78. 
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the  liml)  was  cut  off,  the  deficient  part,  and  no  more,  was  exactly 
reproduced.  When  a  diseased  bone  has  been  removed,  a  new  ona 
sometimes  "gradually  assumes  the  regular  form,  and  all  the  attach- 
"  roents  of  muscles,  ligaments,  &c.,  become  as  complete  as  before."* 

This  power  of  re-growth  does  not,  however,  always  act  perfectly ; 
the  reproduced  tail  of  a  lizard  differs  in  the  form  of  the  scales  from 
the  normal  tail :  with  certain  Orthopterous  insects  the  large  hind 
legs  are  reproduced  of  smaller  size:^  the  white  cicatrice  which  in 
the  higher  animals  unites  the  edges  of  a  deep  wound  is  not  formed 
of  perfect  skin,  for  elastic  tissue  is  not  produced  till  long  afterwards.^ 
"  The  activity  of  the  nimB/vrniaiivw,  says  Blumenbach,  "  is  in  an 
"  inverse  ratio  to  the  ase  of  the  organised  body.*'  Its  power  is  also 
greater  with  animals,  the  lower  they  stand  in  the  scale  of  organi- 
cation ;  and  animals  low  in  the  scale  correspond  with  the  embryos  of 
higher  animals  belonging  to  the  same  class.  Newport's  observations  * 
afford  a  good  illustration  of  this  &ct,  for  he  found  that  "  myriapods, 
**  whose  highest  development  scarcely  carries  them  beyond  the  larvio 
"  of  perfect  insects,  can  regenerate  limbs  and  antenns  up  to  the 
''  time  of  their  last  moult  ;*'  and  so  can  the  larvsB  of  true  insects, 
but,  except  in  one  order,  not  in  the  mature  insect  Salamanders  cor- 
respond m  development  with  the  tadpoles  or  larvie  of  the  tailless 
Batrachians,  and  Doth  possess  to  a  large  extent  the  power  of  re- 
growth  ;  but  not  so  the  mature  tailless  Batrachians. 

Absorption  often  plays  an  important  part  in  the  repair  of  injuries. 
When  a  bone  is  broken  and  does  not  unite,  the  ends  ai'e  absorbed 
and  rounded,  so  that  a  false  joint  is  formed ;  or  if  the  ends  unite, 
but  overlap,  tlie  projecting  parts  are  removed.''  A  dislocated  bone 
will  form  for  itself  a  new  socket.  Displaced  tendons  and  varicose 
Teins  excavate  new  channels  in  the  bones  against  which  they  press. 
But  absorption  comes  into  action,  as  Yirchow  remarks,  during  the 
normal  growth  of  bones ;  parts  which  are  solid  during  youth  become 
hollowed  out  for  the  medullary  tissue  as  the  bone  increases  in  size. 
Li  trying  to  understand  the  many  well-adapted  cases  of  re-growth 
when  aiaed  by  absorption,  we  should  remember  that  almost  all 
parts  of  the  organisation,  even  whilst  retaining  the  same  Iform, 
undergo  constant  renewal ;  so  that  a  part  which  is  not  renewed  would 
be  liable  to  absorption. 

Some  cases,  usually  classed  under  the  so-called  ntaua  formaUvus, 
at  first  appear  to  come  under  a  distinct  head ;  for  not  only  are  old 
structures  reproduced,  but  new  structures  are  formed.  Thus,  after 
indammation  "false  membranes,"  furnished  with  blood- vessels, 
lymphatics,  and  nerves,  are  developed ;  or  a  foetus  escapes  from  the 

'  Carpenter's  '  Principles  of  Comp.  Phys./  p.  479. 

Phy^iiology/  1854,  p.  4*19.  '  Prof.   Marey's  diBCunion  on  thi 

*  Chariesworth's  *  Mag.  of  Nat.  power  of  oo-adaptation  in  all  parts  of 
Hist.,'  vol.  i.,  1837,  p.  145.  the    organisation    is   excellent.     '  La 

*  Paget,  'Lectures  on  Surgical  Machine  Animaie,' 1873,  chap. is.  Set 
Pathology.'  vol.  i.  p.  239.  also  Paget, '  Lectures,'  &c.,  p.  257. 

*  Quoted    by    Carpenter,    <Corap. 
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Fallopian  tubes,  and  falls  into  the  abdomen,  "  nature  poura  oat  a 
*;  quantity  of  plastic  lymph,  which  forms  itself  into  organised  mem- 
''brane,  richly  snppliea  with  blood-yessels,'*  and  the  foBtns  is 
nourished  for  a  time.  In  certain  cases  of  hydrocephalus  the  open 
and  dangerous  spaces  in  the  skull  are  filled  up  with  new  bones, 
which  interlock  ny  perfect  serrated  sutures.*  But  most  physiolo- 
gists, especially  on  the  Continent,  have  now  given  up  the  belief  in 
plastic  lymph  or  blastema,  and  Yirchow*  maintains  that  every 
structure,  new  or  old,  is  formed  by  the  priXiferation  of  pro-existing 
cells.  On  this  view  false  membranes,  like  cancerous  or  other 
tumours,  are  merely  abnormal  developments  of  normal  growths ; 
and  we  can  thus  understand  how  it  is  that  they  resemble  adjoining 
structures;  for  instance,  that  a  ''false  membrane  in  the  serous 
"cavities  acquires  a  covering  of  epithelium  exactly  like  that  which 
"  covers  the  original  serous  membrane ;  adhesions  of  the  iris  may 
"  become  black  apparently  from  the  production  of  pigment-cells  like 
"  those  of  the  uvea."  »• 

No  doubt  the  power  of  reparation,  though  not  always  perfect,  is 
an  admirable  provision,  ready  for  various  emergencies,  even  for  such 
ua  occur  only  at  long  intervals  of  time."  Yet  this  power  is  not  more 
wonderful  than  the  growth  and  development  of  every  single  creature, 
more  especially  of  those  which  are  propngated  by  fissiparous  gene- 
ration. This  subject  has  been  here  noti<^,  because  we  may  infer 
tliat,  when  any  part  or  organ  is  either  greatly  increased  in  size  or 
wholly  suppressed  through  variation  and  continued  selection,  the 
co-ordinatiog  power  of  the  organisation  will  continually  tend  to 
bring  again  all  the  parts  into  harmony  with  one  another. 

On  the  EffecU  of  the  Increased  Use  and  Disuse  of  Organs, 

It  is  notorious,  and  we  shall  immediately  adduce  proofs, 
that  increased  use  or  action  strengthens  muscles,  glands, 
sense-organs,  «&c. ;  and  that  disuse,  on  the  other  band,  weakens 
them.  It  has  been  experimentally  proved  by  Ranke  '^  that 
the  flow  of  blood  is  greatly  increased  towards  any  part  which 
is  performing  work,  and  sinks  again  when  the  part  is  at  rest. 
Consequently,  if  the  work  is  frequent,  the  vessels  increase  in 
size  and  the  part  is  better  nourished.  Paget  ^^  aLo  accounts 
for  the  long,  thick,  dark-coloured  hairs  which  occasionally 

*  These  cases  are  given  by  Blumen-  "  *  Die  Blatrertheilung,  &c.  der 

bach  in  his  '  Essay  on  Generation,' pp.  Organe,'  1871,  as  quoted  by  Jaeger, 

52,  54.  '  In  Sachen   Darwin's,'    1874,   p.  48. 

**  Cellular    Pathology,'  trans,   by  Sm  also  H.  Spencer,  *The  Principle! 

Dr.  Chance,  1860,  pp.  27,  441.  of  Biology,'  to!,  ii.  1866,  chap.  3-5. 

**  Paget,  *  Lectures  on  Pathology,'  '*  *  Lectures   oa  Pathology,'  1853. 

voL  i.,  1653,  p.  357.  vol,  i.  p.  71. 

"  Paget,  ibid.,  p.  150. 
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grow,  even  in  young  children,  near  old-standing  inflamed 
surfacefi  or  fractured  bones  by  an  increased  flow  of  blood  to 
the  part.  When  Hunter  inserted  the  spur  of  a  cock  into  the 
comb,  which  is  well  supplied  with  blood-vessels,  it  grew  in 
one  case  spirally  to  a  length  of  six  inches,  and  in  another  case 
forward,  like  a  horn,  so  that  the  bird  could  not  touch  the 
ground  with  its  beak.  According  to  the  interesting  observa- 
tions of  M.  Sedillot,^^  when  a  portion  of  one  of  the  bones  of 
the  leg  of  an  animal  is  removed,  the  associated  bone  enlarges 
till  it  attains  a  bulk  equal  to  that  of  the  two  bones,  of  which 
it  has  to  perform  the  functions.  This  is  best  exhibited  in 
dogs  in  which  the  tibia  has  been  removed  ;  the  companion 
bone,  which  is  naturally  almost  filiform  and  not  one-fifth  the 
size  of  the  other,  soon  acquires  a  size  equal  to  or  greater  than 
that  of  the  tibia.  Now,  it  is  at  first  difficult  to  believe  that 
increased  weight  acting  on  a  straight  bone  could,  by  altemat^y 
increasing  and  diminishing  the  pressure,  cause  the  blood  to^ 
flow  more  freely  in  the  vessels  which  permeate  the  periosteum 
and  thus  supply  more  nutriment  to  the  bone.  Nevertheless 
the  observations  adduced  by  Mr.  Spencer, ^^  on  the  strengthen- 
ing of  the  bowed  bones  of  rickety  children,  along  their  con- 
cave sides,  leads  to  the  belief  that  this  is  possible. 

1'he  rocking  of  the  stem  of  a  tree  increases  in  a  marked 
manner  the  growth  of  the  woody  tissue  in  the  parts  which  are 
strained.  Prof.  Sachs  believes,  from  reasons  which  he  assigns, 
that  this  is  due  to  the  pressure  of  the  bark  being  relaxed  in 
such  parts,  and  not  as  Knight  and  H.  Spencer  maintain,  to 
an  increased  flow  of  sap  caused  by  Ihe  movement  of  the 
trunk.^*  But  hard  woody  tissue  may  be  developed  without 
the  aid  of  any  movement,  as  we  see  with  ivy  closely  attached 
to  an  old  wall.  In  all  such  cases,  it  is  very  difficult  to  distin- 
guish between  the  effects  of  long-continued  selection  and  those 
which  follow  from  the  increased  action  of  the  part,  or  directly 
irom  some  other  cause.  Mr.  H.  Spencer  ^^  acknowledges 
ihis  difficulty,  and  gives  as  an  instance  the  thorns  on  trees 

i«  <Compte8  Rendaa,'  Sept.  26th,  i<  Ibid^  rol.  it    p.    269.    S«cbfl, 

1S64,  p.  539.  « Text-book  of  Botanv/  1875,  p.  734. 

»»  H.  Speaoer,  «The  Principlci  of  «'  Ibid,  vol.  ii.  p.* 273. 

Biology,*  Tol.  ii.  p  243. 
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ftnd  the  shells  of  nuts.  Here  we  have  extremely  hard  woody 
tiseae  without  the  poedbility  of  any  movement,  and  without, 
as  far  as  we  can  see,  any  other  directly  exciting  cause ;  and  aa 
the  hardness  of  these  parts  is  of  manifest  service  to  the  plant, 
we  may  look  at  the  result  as  probably  due  to  the  selection  of 
Bo-called  spontaneous  variations.  Every  one  knows  that  hard 
work  thickens  the  epidermis  on  the  hands ;  and  when  we 
hear  that  with  infants,  long  before  birth,  the  epidermis  ih 
thicker  on  the  palms  and  soles  of  the  feet  than  on  any  other 
part  of  the  body,  as  was  observed  with  admiration  by  Albinus,^^ 
we  are  naturally  inclined  to  attribute  this  to  the  inherited 
effects  of  long-continued  use  or  pressure.  We  are  tempted  to 
extend  the  same  view  even '  to  the  hoofs  of  quadrupeds ;  but 
who  will  pretend  to  determine  how  far  natural  selection  may 
have  aided  in  the  formation  of  structureB  of  such  obvious 
importance  to  the  animal  ? 

That  use  strengthens  the  muscles  may  be  seen  in  the  limbs  of 
artisans  who  follow  different  trades;  and  when  a  muscle  is 
strengthened,  the  tendons,  and  the  crests  of  bone  to  which  they  are 
attached,  become  enlarged ;  and  this  must  likewise  be  the  case  with 
the  blood-vessels  and  nerves.  On  the  other  hand,  when  a  limb  is 
not  used,  as  by  Eastern  &natics,  or  when  the  nerve  supplying  it 
with  nervous  power  is  effectually  destroyed,  the  muscles  wi£er. 
So  again,  when  the  eye  is  destroyed  &e  optic  nerve  beoomeff^ 
atrophied,  sometimes  even  in  the  course  of  a  few  months.^*  The 
Proteus  is  funushed  with  branchiBS  as  well  as  with  lungs:  and 
Schreibeis"  found  that  when  the  animal  was  ooropelled  to  live  iU 
deep  water,  the  bninchi»  were  developed  to  thrice  their  ordinary 
size,  and  the  lungs  were  partially  atrophied.  When,  on  the  other 
hand,  the  animal  was  compelled  to  live  in  shallow  water,  the  lungs 
became  larger  and  more  vascular,  whilst  the  branchin  dusappeared 
in  a  more  or  less  complete  degree.  Such  modifications  as  these  ore, 
however,  of  comparatively  little  value  for  us,  as  we  do  not  actually 
know  that  they  tend  to  be  inherited. 

In  many  cases  there  is  reason  to  believe  that  the  lessened  use  of 
various  organs  has  affected  the  corresponding  parts  in  the  offspring. 
But  there  is  no  good  evidence  that  this  ever  lollows  in  the  course 
of  a  single  generation.    It  appears,  as  in  the  case  of  general  or  in* 


**  Paget,  '  Lectures  on  Pathology,'  p.  10)  a  cnrioiu  aoeoiiat  of  the  atrophy 

Tol.  ii.  p.  209.  of  the  limbs  of  rabbito  after  the  de- 

»  Mttller's  *  Phyt.,'  Eng.  translat.,  stmction  of  the  nerve, 
f  p.   54,  791.    Prof.  Reed  has  giren  **  Quoted  bv  Leooq,  in  *  O^grapli. 

{'  Physiological  and  Anat  BeMaiches,'  Bot^'  torn.  L,  1654,  p.  182. 
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definite  Tariability,  that  seToral  generations  mnst  be  subjected  to 
changed  habits  for  any  appreciable  result  Our  domestic  fowls, 
ducks,  and  geese  have  almost  lost,  not  only  in  the  indiyidual  but 
in  the  race,  their  power  of  flight ;  for  we  do  not  see  a  young  fowl, 
when  frightened,  take  flight  like  a  young  pheasant  Hence  I  was 
led  carefully  to  compare  the  limb-bones  of  fowls,  ducks,  pigeons, 
and  rabbits,  with  the  same  bones  in  the  wild  paient-species.  As 
the  measurements  and  weights  were  fully  given  in  the  earlier 
chapters  I  need  here  only  recapitulate  the  results.  With  domestic 
pigeons,  the  length  of  the  sternum,  the  prominence  of  its  crest, 
the  length  of  the  scapuln  and  furoulum,  the  length  of  the  wings  as 
measured  fi*om  tip  to  tip  of  the  radii,  are  all  reduced  relatiyely  to  the 
same  parts  in  the  wild  pigeon.  The  wing  and  tail  feathers,  however, 
are  increased  in  length,  but  this  may  have  as  little  connection  with 
the  use  of  the  wings  or  toil,  as  the  lengthened  hair  on  a  dog  with 
the  amount  of  exercise  wliich  it  has  habitually  taken.  The  feet  of 
pigeons,  except  in  the  long-beaked  races,  are  reduced  in  size.  With 
fowls  the  crest  of  the  sternum  is  less  prominent,  and  is  often  dis- 
torted or  monstrous ;  the  wing-bones  have  become  lighter  relatively 
to  the  leg-bones,  and  are  apparently  a  little  shorter  in  comparison 
with  those  of  the  parent-furm,  the  (JcHlus  bankiva.  With  ducks, 
the  crest  of  the  sternum  is  affected  in  the  same  manner  as  in  the 
foregoing  cases :  the  furculum,  coracoids,  and  scapulft  are  all  reduced 
in  weight  relatively  to  the  whole  skeleton :  the  bones  of  the  wings 
are  shorter  and  lighter,  and  the  bones  of  the  leg^  longer  and  heavier, 
relatively  to  each  other,  and  relatively  to  the  whole  skeleton,  in 
comparison  with  the  same  liones  in  the  wild-duck.  The  decreased 
weight  and  size  of  the  bones,  in  the  foregoing  cases,  is  probably  the 
indirect  result  of  the  reaction  of  the  weakened  muscles  on  the  bones 
I  failed  to  compare  the  feathers  of  the  wings  of  the  tame  and  wild 
duck ;  but  Gloger^  asserts  that  in  the  wild  duck  the  tips  of  the 
wing-feathers  reach  almost  to  the  end  of  the  tail,  whilst  in  the 
domestic  duck  they  often  hardly  reach  to  its  base.  He  remarks 
also  on  the  greater  thickness  of  the  legs,  and  says  that  the  swimming 
membrane  between  the  toes  is  reduced ;  but  I  was  not  able  to 
detect  this  latter  difference. 

With  the  domesticated  rabbit  the  body,  together  with  the  whole 
skeleton,  is  generally  larger  and  heavier  than  in  the  wild  animal, 
and  the  leg-bones  are  heavier  in  due  proportion ;  but  whatever 
standard  of  comparison  be  taken,  neither  the  leg-bones  nor  the 
scnpulie  have  increased  in  length  proportionally  with  the  increased 
dimensions  of  the  rest  of  the  skeleton.  The  skull  has  become  in  a 
marked  manner  narrower,  and,  from  the  measurements  of  its 
capacity  formerly  given,  we  may  conclude,  that  this  narrowness 
results  from  the  decreased  size  of  the  brain,  consequent  on  tiie 
mentally  inactive  life  led  by  these  closely-confined  animals. 

We  have  seen  in  the  eighth  cbipter  that  silk-moths,  which  have 
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been  kept  dnriDg  many  oeDtories  doeely  coniiiMd,  emeiigo  from  theit 
ooocx>ns  with  their  wings  distorted,  incapable  of  flight,  often  greatly 
reduced  in  size,  or  even,  according  to  Qoatrefages,  quite  rudimentary. 
This  condition  of  the  wings  may  be  Uu^ly  owing  to  the  same  kind 
of  monstrosity  which  often  affects  wild  JLepidoptera  when  artificially 
reared  from  the  cocoon ;  or  it  may  be  in  part  dne  to  an  inherent 
tendency,  which  is  common  to  the  females  of  many  Bombycidce, .  to 
have  their  wings  in  a  more  or  less  rudimentary  state ;  but  part  of 
the  effect  may  be  attributed  to  k»g-continaed  disuse. 

From  the  foregoing  facts  there  can  be  no  doubt  that  with 
our  anciently  domesticated  animals,  certain  bones  have  in- 
creased or  derireased  in  size  and  weight  owing  to  increased  or 
decreased  u^/e ;  but  they  have  not  been  modified,  as  hhown  in 
the  earlier  chapters,  in  shape  or  structure.  With  animals 
living  a  free  life  and  occasionally  exposed  to  severe  comixv- 
tition  the  reduction  would  tend  to  be  greater,  as  it  would  be 
an  advantage  to  them  to  have  the  development  of  every 
superfluous  part  saved.  With  highly-fed  domesticated  animals, 
on  the  other  hand,  there  beems  to  be  no  econouy  of  growth, 
nor  any  tendency  to  the  elimination  of  superfluous  dot  ils. 
But  to  this  subject  I  shall  recur. 

Turning  now  to  more  general  observations,  Nathusi  is  has 
shown  that  with  the  improved  raoes  of  the  pig,  the  shortened 
^egs  and  snout,  the  form  of  the  articular  condyles  of  the 
occiput,  and  the  position  of  the  jaws  with  the  upper  canine^ 
teeth  projecting  in  a  most  anomalous  manner  in  front  of  the 
lower  canines,  may  be  attributed  to  these  parts  not  having 
been  fully  exercised.  For  the  highly-cultivated  races  do  not 
travel  in  seaich  of  food,  nor  n)ot  up  the  ground  with  their 
ringed  muzzles."  These  modifications  of  btructure,  which 
are  all  strictly  inherited,  characterise  several  improved 
breeds,  so  that  they  cannot  have  been  derived  from  any  single 
domestic  btock.  With  respect  to  cattle.  Professor  Tanner  has 
remarked  that  the  lungs  and  liver  in  the  improved  breeds 

are  found  to  be  considerably  reduced  in  size  when  compared 

with  those  possessed  by  animals  ha  viz  g  perfect  liberty  ;''^ 

»  Nathnsias,      •  Die    Raeen    des  Nathosiiu :  *  Der  Sch&d«l  des  Maakes^ 

BchweinM,'  18(K>,  a.  53,  57;  <Vor*  iM:hweiue8,' 1870. 

ftudioQ SchweineachadeV  18(>4,  **  Monrnal  of  Agricttltureof  HtfK 

a.  103.  130, 133.  Prof.  Lucae  snpportM  land  Soc.,'  July,  ISUO,  p.  331. 
Mhi  •ttenda  tha  eoadasivBs  of  Von 
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and  the  reduction  of  these  organ*  afft^cts  the  general  shape 
of  the  hodjr.  The  cause  of  the  reduced  hings  in  highly-hred 
animals  which  take  little  exercise  is  obvious;  and  perhaps 
the  liver  maj  be  affected  by  the  nutritious  and  artificial  food- 
on  which  they  largely  subsist.  Again,  Dr.  Wilckens  asserts  ^ 
that  various  parts  of  the  body  otrtainly  differ  in  Alpine  and 
lowLind  breeds  of  several  domesticated  animals,  owing  to 
their  different  habits  of  life  ;  for  instance,  the  neck  and  foi'e- 
legs  in  length,  and  the  hoofs  in  shape. 

It  18  well  known  that,  when  an  artery  is  tied,  the  anastomosing 
branches,  from  being  forced  to  transmit  more  blood,  increase  in 
diameter;  and  this  increase  cannot  be  accounted  for  by  mere  exten* 
sion,  as  tiieir  coats  gain  in  strength.  With  respect  to  glands,  fiir 
J.  Paget  observes  that  "  when  one  kidney  is  destroyed  the  other 
*' often  becomes  much  larger,  and  does  double  work."**  If  wo 
compare  the  size  of  the  udders  and  their  power  of  secretion  in  cows 
which  have  been  long  domesticated,  and  in  certain  breeds  of  the  goat 
in  which  the  udders  nearly  touch  the  ground,  with  these  organs  in 
wild  or  half-domesticated  animals,  the  difference  is  great  A  good 
cow  with  us  daily  yields  more  than  five  gallons,  or  forty  pints  of 
milk,  wlulst  a  first-rate  animal,  kept,  for  instance,  by  the  Damaras 
of  South  Africa,**  "rarely  gives  n^ore  than  two  or  three  pints  of  milk 
"  daily,  and,  should  her  calf  be  taken  item  her,  she  absolutely 
"  refuses  to  give  any."  We  may  attribute  the  excellence  of  our 
cows  and  of  certain  goats,  partly  to  the  continued  selection  of  the 
best  milking  animals,  and  partly  to  the  inherited  effects  of  the 
increased  action,  through  man's  art,  of  the  secreting  glands. 
'  It  is  notorious  that  short-sight  is  inherited ;  and  we  have  seen  in 
the  twelfth  chapter  from  the  statistical  researches  of  M.  Giraud- 
Tculon,  that  the  habit  of  viewing  near  objects  gives  a  tendency  to 
short-sight  Veterinarians  are  unanimous  that  horses  are  affected 
with  spavins,  splints,  ringbones,  &c.,  from  being  shod  and  from 
travelling  on  hard  roads,  and  they  are  almost  equally  unanimous 
that  a  tendency  to  these  malformations  is  transmitted.  Formerly 
horses  were  not  shod  in  North  Carolina,  and  it  has  been  asserted  tluU 
they  did  not  then  suffer  from  these  diseases  of  the  legs  and  feet" 

Our  domesticated  quadrupeds  are  all  descended,  as  far  as  is 
known,  from  species  having  erect  ears ;  yet  few  kinds  can  btf 
named,  of  which  at  least  one  race  has  not  drooping  ears. 

'«  •  Landwirth.    WochenbUtt,'  No.  in  South  America,  see  Aug.  St.-)Iilaire, 

10.  *  Voyage  daot  la  ProTince  de  Qoyas,' 

''  *  Lectures  ou  Surgical  Pathology,'  torn.  i.  p.  71. 
1853,  Tol.  i.  p.  27.  »'  Brickeirs  « Nat.  HUt.  ef  Koiik 

*•  Ander$9oa,    'Travels   in  ^uth  Carcl'.na,'  1739,  p.  53. 
iifrka,'  f.  Sie.    For  anailogoua  cases 
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C«t«  in  Chiiui,  horsee  in  parts  of  llumia,  sheep  in  Italy  and  disc* 
wheie,  the  guinea-pig  forraerlj  in  Germany,  goats  and  cattio 
in  India,  rabbits,  pigs,  and  dogs  in  all  long-civilised  countries 
have  dependent  ears.  With  wild  animals,  which  constantly 
use  their  ears  liko  funnels  to  catch  every  pasfdng  sound,  and 
especially  to  ascertain  the  direction  whence  it  comes,  there  is 
not,  as  Mr.  Blyth  has  remarked,  any  species  with  drooping 
ears  except  the  elephant.  Hence  the  incapacity  to  erect  the 
ears  is  certainly  in  some  manner  the  result  of  domestication  ; 
and  this  incapacity  has  been  attributed  by  various  authors  '^ 
to  disuse,  for  animals  protected  by  man  are  not  compelle<l 
habitually  to  use  their  ears.  Col.  Hamilton  Smith^*  states 
that  in  ancient  effigies  of  the  dog,  ^*  with  the  exception  of  one 
Egyptian  instance,  no  sculpture  of  the  earlier  Grecian  era 
produces  representations  of  hounds  with  completely  drooping 
'*  ears ;  those  with  them  half  pendulous  are  missing  in  the 
*'  most  ancient ;  and  this  character  iucreMses,  by  degrees,  in 
'*  the  works  of  the  Roman  period."  Godron  also  has  remarked 
*' that  the . pigs  of  the  ancient  Egyptians  htd  not  i heir  ears 
"  enlarged  and  pendent."^^  But  it  is  remarkable  that  the 
drooping  of  the  ear  is  not  accompanied  by  any  decrease  in 
size ;  on  the  contrary,  animals  ko  different  as  fancy  rabbits, 
certain  Indian  breeds  of  the  goat,  our  petted  spaniels,  blood* 
hounds,  and  other  dogs,  have  enormously  elongated  ears,  so 
that  it  would  appear  as  if  their  weight  had  caused  them  to 
droop,  allied  perhaps  by  disuse.  With  rabbits,  the  drooping 
of  the  much  elong^ated  ears  has  affected  even  the  structure  of 
the  skull. 

The  tail  of  no  wild  animal,  as  remarked  to  me  by  Mr.  Blyth, 
is  curled ;  wherea«  pigs  and  some  races  of  dogs  have  their  tails 
much  curled.  This  deformity,  therefore,  appears  to  be  the 
result  of  domestication,  but  whether  in  any  way  connected 
with  the  lessened  use  of  the  tail  is  doubtful. 

**  liTingstone,  quoted  by  Tonatt  *  Jahrbuch  cer  detitachcB  Viahsttcht, 

01;  Sh«ep,  p.  142.    Hodgson,  in  *  Jour-  1866. 

D&2  of  Asiatic  Soc.  of  Bengal,'  yol.  x  vi.,  »  *  NaturalLt's  Libr.  ry,*  Dogs,  tul 

1847,  p.  1006,  &c.  &c.    On  the  other  ii ,  1840,  p.  104. 
hand.   Dr.  Wilckenn  argues  strongly  »•  *  De  rH>p^ce,'  torn,  i.,  18.j9,  fi 

acamst  the  b«lie£  that  the  drunpins;  367. 
M  tht  e«rs  is  the  result  of  di«use :  • 
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The  epidermis  on  onr  hands  is  easily  thickened,  as  evoiy 
•ne  knovrs,  by  hard  work.  In  a  distiict  of  Coylon  the  sheep 
have  **  homy  callosities  that  defend  their  knees,  and  which 
**  arise  from  their  habit  of  kneeling  down  to  crop  the  short 
**  herbage,  and  this  di^tingitishes  the  Jaffna  flocks  from  those 
"  of  other  portions  of  the  island ;"  but  it  is  not  stated  whether 
this  peonliarity  is  inherited.^' 

The  mucous  membrane  which  lines  the  stomach  is  con- 
tinuous with  the  external  skin  of  the  body ;  therefore  it  is 
not  surprising  that  its  texture  should  he  affected  by  the 
nature  of  the  food  consumed,  but  other  and  more  intei*esting 
changes  likewise  follow.  Hunter  long  ago  observed  that  the 
mviscular  coat  of  the  stomach  of  a  gull  (Larus  tridactylus) 
which  had  been  fed  for  a  year  chiefly  on  grain  was  thickened ; 
and,  according  to  Dr.  Edmondston,  a  similar  change  peiiodi- 
cally  occurs  in  the  Shetland  Islands  in  the  stomach  of  the 
Lam$  argentatuSy  which  in  the  spring  frequents  the  corn- 
fields and  feeds  on  the  seed.  The  same  careful  observer  has 
noticed  a  great  change  in  the  stomach  of  a  raven  which  had 
been  long  fed  on  vegetable  food.  In  the  case  of  an  owl  (Sirix 
graUaria)^  similarly  treated,  Menetries  states  that  the  form  of 
the  stomach  was  changed,  the  inner  coat  became  leathery, 
and  the  liver  increased  in  size.  Whether  these  modifications 
in  the  digestive  organs  would  in  the  course  of  generations 
become  inherited  is  not  known  .^^ 

The  increased  or  diminished  length  of  the  intestines,  which 
apparently  results  from  changed  diet,  is  a  more  remarkable 
case,  because  it  is  characteristic  of  certain  animals  in  their 
domesticated  condition,  and  therefore  must  be  inherited. 
The  complex  absorbent  system,  the  blood-vessels,  nerves,  and 
muscles,  are  necessarily  all  modified  together  with  tlte 
intestines.  According  to  Daubenton,  the  intestines  of  the 
domestic  cat  are  one-third  longer  than  those  of  the  wild  cat 
of  Europe;  and  although  this  si)ecies  is  not  the  parent-stock 
of  the  domestic  animal,  ytt,  as  Isidore  Qeoffroj  has  remarked, 

"  *  Ceylon,'  by  Sir  J.  E.  Tennent,  as  quoted  in  Macgillimy's  <  Britixii 

1859,  rol.  ii.  p.  531.  Birdit,'  rol.  r.  p.  550:  Menetries,  m 

**  For  the  foregoing  statements,  «(?«^  quoted  in   Bronn's  'Qeschichte  Mr 

Hunter's  *  Essays  and  ObwrvatioDi^'  Natur/  B.  it.  s.  110. 
1861,  vol.  U.  p.  3'29;  I>r.  Edniondstivn. 
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the  seYeral  speoioA  of  cats  are  so  closeljr  allied  that  the 
comparison  is  probably  a  fair  ooe.  The  io creased  length 
appears  to  be  duo  to  the  domestic  cat  being  less  strictly  car 
nivoroos  in  its  diet  than  any  wild  feline  species ;  for  instance, 
I  have  seen  a  French  kitten  eating  vegetables  as  readily  as 
meat.  According  to  Cuvier,  the  intestines  of  the  domesticated 
pig  exceed  greatly  in  proix)rtionate  lengtli  those  of  the  wild 
boar.  In  the  tame  and  wild  rabbit  the  change  is  of  an 
opposite  nature,  and  probably  results  fr«)m  the  nutritious  food 
given  to  the  tame  rabbit.^ 

Changed  and  inkerUed  HabiU  of  Life, — This  subject,  as  far  as 
the  mental  powers  of  animals  are  oonceine«),  so  blends  into 
instinct,  that  I  will  here  only  remind  the  reader  of  such  cases 
as  the  tameness  of  our  domesticated  animals— the  poin'ing  or 
retrieving  of  dogs — their  not  attacking  the  smaller  animals 
kept  by  man — and  so  forth.  How  much  of  these  changes 
-  ought  to  be  attributed  to  mere  habit,  and  how  much  to  the 
selection  of  individuals  which  have  varied  in  the  desired 
manner,  irrespectively  of  the  special  circumstances  under 
which  they  have  been  kept,  can  seldom  be  told. 

We  have  already  seen  that  animals  may  lie  habituated  to 
a  changed  diet ;  but  some  additional  instances  may  be  given. 
In  the  Polynesian  Islands  and  in  China  the  dog  is  fed  exsln- 
sively  on  vegetable  matter,  and  the  taste  for  this  kind  of  food 
is  to  a  certain  extent  inherited.^  Our  sporting  dogs  will  not 
touch  the  bones  of  game  birds,  whilst  most  other  dogs  devour 
them  with  greediness.  In  some  parts  of  the  world  sheep  hare 
been  largely  fed  on  fish.  The  domestic  hog  is  fond  of  Itarley, 
the  wild  boar  is  said  to  disdain  it ;  and  the  disdain  is  partially 
inherited,  for  some  young  wild  pigs  bred  in  captivity  showed 
an  aversion  for  this  grain,  whilst  others  of  the  same  brood 
relished  it.^^  One  of  my  relations  bred  some  young  pigs 
from  a  Chinese  sow  by  a  wild  Alpine  boar ;  they  lived  free 
in  the  park,  and  were  so  tame  that  they  came  to  the  house  to 

»  These  staUncaU  on  th«  intMiints  borne/  1 825,  vol.  ii.  p.  121 . 
•re  Uken  from  Isidore  Geoffrojr  Saint-  **  Burdach,  ^TniU  dc  Phyt.,'  tmn, 

HiUire, '  Hut.  Mat.  G^/  torn.  iiL  pp.  ii.  p.  267,  as  qaot«i  bj  Dr.  P.  Locm, 

4S7,  441.  *  L'H«r<M.  Nat^  torn.  L  b^  38t. 

M  GUbert  White,  «Xat.  Hint  Sal- 


2ii4  liAWS  OF  VARTATIOW.  Chap.  XXIV. 

be  fed ;  but  thej  would  not  touch  swill,  which  was  devoured 
bj  the  other  pigs.  An  animal  when  onoe  accustomed  to  an 
unnatural  diet,  which  can  generally  be  effected  only  during 
youth,  dislikes  its  proper  food,  as  Spallanzani  found  to  be 
the  case  with  a  pigeon  which  had  been  long  fed  on  meat. 
Individuals  of  the  same  species  take  to  new  food  with  different 
degrees  of  readiness ;  one  home,  it  is  stated,  soon  learned  to 
eat  meat,  whilst  another  would  haye  perished  from  hunger 
rather  than  have  partaken  of  it.^^  The  caterpillars  of  the 
Bombyx  heMperua  feed  in  a  state  of  nature  on  the  leaves  of  the 
Ca/e  diable^  but,  after  having  been  reared  on  the  Ailanthus, 
they  would  not  touch  the  Cafi  diaide,  and  actually  died  of 
hunger.^^ 

It  has  been  found  possible  to  accustom  marine  fish  to  live 
in  fresh  water ;  but  as  such  changes  in  fish  and  other  marine 
animals  have  been  chiefly  observed  in  a  state  of  nature,  they 
do  not  properly  bolong  to  our  present  subject.  The  period 
of  gestation  and  of  maturity,  as  hhown  in  the  earlier  chapters, 
— the  season  and  the  frequency  of  the  act  of  breeding,— have 
all  been  greatly  modified  under  domestication.  With  the 
Egyptian  goose  the  rate  of  change  with  respect  to  the  season 
has  been  recorded.^  The  wild  drake  pairs  with  one  female, 
the  domestic  drake  is  polygamous.  Certain  breeds  of  fowls 
have  lost  the  habit  of  incubation.  The  paces  of  the  horse, 
and  the  manner  of  flight  of  certain  breeds  of  the  pigeon, 
have.,  been  modified  and  are  inherited.  Cattle,  horses,  and 
pigs  have  learnt  to  browse  under  water  in  the  St.  John's  Kiver, 
East  Florida,  where  the  Yallisneria  has  been  largely  natural- 
ised. The  cows  were  observed  by  Prof*  VVyman  to  keep  their 
heads  immersed  for  **  a  period  varying  from  fifteen  to  thirty- 
five  seconds."'^  The  voice  diffei  s  much  in  certain  kinds  of 
fowls  and  pigeons.  Some  varieties  are  clamorous  and  othera 
silent,  as  the  Call  and  common  duck,  or  the  Spitz  and  pointer 
dog.    Every  one  knows  how  the  breeds  of  the  dog  differ  from 

**  This  and  sereral  other  cases  are  563. 

giran  bj  Colin,  *  Physiologie  Comp.  **  Qnatrefages,  *  Unit^  de  TEspkit 

das  Animaux  Dom.,'  1854,  torn.  i.  p.  Hamaine,'  1861,  p.  79. 

426.  "  'The  American  Katnr^lkti*  Afti 

»  M.  Hichelj  de  Cayenne,  in  *  BnlL  1874,  p.  237. 
d'Aeclimat/  torn,  riii.,  1861,  p. 
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une  another  in  their  manner  of  hunting,  and  in  their  anlonr 
after  different  kinds  of  game  or  yermin. 

With  plants  the  period  of  Togetation  is  easily  changed  and 
is  inherited,  as  in  the  case  of  summer  ano  'wmter  wheat, 
barley,  and  vetches ;  but  to  this  subject  we  shall  immediate!}' 
return  under  aoclimatisation.  Annual  plants  sometimes 
become  perennial  under  a  new  climate,  as  I  hear  from  Dr. 
Ilooker  is  the  ease  with  the  stock  and  mignonette  in  Tasmania. 
On  the  other  hand,  perennials  sometimes  become  annuals,  as 
with  the  Ricinus  in  England,  and  as,  according  to  Captain 
Mangles,  with  many  vaiieties  of  the  heartsease.  Von  Berg  ^^ 
raised  from  seed  of  VerboMtim  pluEniceum,  which  is  usually  a 
biennial,  both  annual  and  perennial  varieties.  Some  de- 
ciduous bushes  become  evergreen  in  hot  countries.^ ^  Rice 
requires  much  water,  but  there  is  one  variety  in  India  which 
can  be  grown  without  irrigation/^  Certain  varieties  of  the 
oat  and  of  our  other  cereals  are  best  fitted  for  certain  soils.^^ 
Endless  similar  facts  could  be  given  in  the  animal  and  vege- 
table kingdoms,  llie}'  are  noticed  here  because  they  illustrate 
analogous  differences  in  closely  allied  natural  species,  and 
because  such  changed  habits  of  life,  whether  due  to  habit,  or 
to  the  direct  action  of  external  conditions,  or  to  so-called  spon- 
taneous variability,  would  be  apt  to  lead  to  modifications  of 
structure. 

AedimaiiiatUm.  —  From  the  previous  remarks  we  are 
naturally  led  to  the  much  disputed  subject  of  acclimatisation. 
There  are  two  distinct  questions :  Do  varieties  descended  from 
the  same  species  differ  in  their  power  of  living  under  different 
climates?  And  secondly,  if  they  so  differ,  how  have  they 
become  thus  adapted  ?  We  have  seen  that  European  dogs  do 
not  succeed  well  in  India,  and  it  is  asserted,^^  that  no  one  has 
there  succeeded  in  keeping  the  Newfoundland  long  alive ;  but 
then  it  may  be  argued,  and  probably  with  truth,  that  these 

*•  <  Flora,'  1835,  B.  it.  p.  MH.  **  <  Gardener's    Chronicle,'    1850^ 

«i  Alph.  da  CandoUe,  'O^graph.  pp.  204,  219. 

Ec>t./ torn.  iL  p.  1078.  *•  Rer.  R.   Everest,  «Joiinu)  ajl 

**  Royle,    *  lUfistraiMins    of    th*  Soc.  of  Bengal,' vol.  iii.  p.  19. 
BoUdj  of  the  HiiBa»T^'  p.  19. 
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Aorthem  breeds  are  Hpedfioal.y  distinot  from  the  native  dogs 
which  flourish  in  India.  The  same  remark  may  be  made  with 
respect  to  different  breeds  of  sheep,  of  which,  according  to 
Youatt,^^  not  one  brought  ''  from  a  torrid  climate  lastu  out 
"  the  second  year,"  in  the  Zoological  Gardens.  But  sheep 
are  oapableof  some  degree  of  acclimatisation,  for  Merino  sheep 
bred  at  the  Cape  of  Good  Hope  have  been  found  far  better 
adapted  for  India  than  those  imported  from  England.^*  It  ia 
almost  certain  that  all  the  breeds  of  the  fowl  are  descended 
from  one  species ;  but  the  Spanish  breed,  which  there  is  good 
reason  to  believe  originated  near  the  Mediterranean,^'  though 
so  tine  and  vigorous  in  England,  suffers  more  from  frost  than 
any  other  breed.  The  Arrindy  silk  moth  introduced  from 
Bengal,  and  the  Ailanthus  moth  from  the  temperate  province 
of  Shan  IHing,  in  China,  belong  to  the  same  species,  as  we 
may  infer  from  their  identity  in  the  caterpillar,  cocoon,  and 
mature  states ;  *^  yet  they  differ  much  in  constitution :  the 
Indian  form  "  will  flourish  only  in  waim  latitudes,"  the  other 
is  quite  hardy  and  withstands  cold  and  rain. 

Plants  are  more  strictly  adapted  to  climate  than  are  animals.  The 
latter  when  domesticated  withstand  such  great  diversities  of  climate, 
that  we  find  nearly  the  same  species  in  tropical  and  temperate 
countries ;  whilst  the  cultivated  plants  are  widely  dissimilar.  Hence 
« larger  field  is  open  for  inquiry  in  regard  to  the  acclimatisation  of 
plants  than  of  ammals.  It  is  no  exaggeratioo  to  say  that  with  almost 
every  plant  which  has  long  been  cultiyated,  varieties  exist  which 
are  endowed  with  constitutions  fitted  for  very  different  climates;  I 
will  select  only  a  few  of  the  more  striking  cases,  as  it  would  be 
tedious  to  give  all.  In  North  America  numerous  fruit-trees  have 
Ijeen  raised,  and  in  horticultural  publications, — for  instance,  in  that 
by  Downing, — lists  are  given  of  the  varieties  which  are  best  able  to 
withstand  the  severe  climate  of  the  northern  States  and  Canada. 
Many  American  varieties  of  the  pear,  pLum,  and  peach  are  excellent 
in  their  own  country,  but  until  recently,  hardly  one  was  Imown  that 
succeeded  in  England ;  and  with  apples,^  not  one  succeeds.  Though 
th(  American  varieties  can  withstand  a  severer  winter  than  ours,  the 


**  Yonfttt  on  Sh«ep,  1838,  p.  491.  masicaied  to  Bot.  Soc   of  Canada, 

*i  Royle,  *  Prod.  ReM>nrc«s  of  India,'  quoted  in  the  *  Reader,'   1863,  Nov. 

\\  153.  L3th. 

•'   Tegetmeier,     'Ponltnr     Book,'  «*  ^«?  remarks  by  Editor  in  '  Qaii. 

ISee,  \u  102.  Chronicle.'  lH-*8.  p.  5. 

**  Pr.  K.  Pateraoa,  in  a  paper  oom- 
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mmiiner  here  is  not  hot  enough.  Frnit-treee  haira  alio  originated 
in  Earooe  with  different  eonstitatiuniiy  hot  they  are  not  much 
noticed,  beoauBe  nurserymen  here  do  not  supply  wide  areas.  The 
Forelle  pear  flowers  early,  and  when  the  flowers  have  just  set,  and 
this  is  the  critical  period,  they  have  been  obeervad,  both  in  France 
and  England,  to  withstiuid  with  complete  impunity  a  frost  of  W 
and  even  14°  Fahr.,  which  killed  the  flowers,  whether  fully  expanded 
or  in  bud,  of  all  other  kinds  of  pears."^  This  power  in  the  flower  of 
resisting  cold  and  afterwards  producing  fruit  does  not  invariably 
depend,  as  we  know  on  good  authority,^  on  general  constitutioniU 
vigour.  In  proceeding  northward,  the  number  of  varieties  which 
are  found  capable  of  resisting  the  climate  rapidly  decreases,  as  may 
be  seen  in  the  list  of  the  varieties  of  the  cherry,  apple,  and  near, 
which  can  be  cultivated  in  the  neighbourhood  of  Stockholm.'*  Near 
Moscow,  Prince  Troubetzkoy  plimted  for  experiment  in  the  opjn 
ground  several  varieties  of  the  pear,  but  one  alone,  the  J'airm  mn^i 
Fepifu,  withstood  the  cold  of  winter."  We  thus  see  that  our  fruit- 
trees,  like  distinct  species  of  the  same  genus,  certainly  difier  frjm 
each  other  in  their  constitutional  adaptation  to  different  climates. 

With  the  varieties  of  many  pbuits,  the  adaptation  to  climate  is 
often  very  close.  Thus  it  has  been  proved  by  repeated  trials  "  that 
**  few  if  any  of  the  English  varieties  of  wheat  are  adapted  for  culti- 
**  vation  in  Scotland ;  "^  but  the  Mlure  in  this  case  is  at  first  only 
in  the  Quantity,  though  ultimately  in  the  quality,  of  the  grain 
produoeo.  The  Bev.  M.  J.  Berkeley  sowed  wheat-seed  from  India, 
and  got  **  the  most  meagre  ears,"  on  land  which  would  certainly 
have  yielded  a  good  crop  from  English  wheal"  In  these  cases 
varieties  have  been  carried  from  a  warmer  to  a  cooler  climate ;  in 
the  reverse  case,  as  "  when  wheat  was  imported  directly  from  France 
"  into  the  West  Indian  Islands,  it  produced  either  wholly  barren 
"  spikes  or  furnished  with  only  two  or  three  miserable  seeds,  while 
"  West  Indian  seed  by  its  side  yielded  an  enormous  harvest." " 
Here  is  another  case  of  close  adaptation  to  a  slightly  cooler  climate ; 
a  kind  of  wheat  which  in  England  may  be  used  indifferently  either 
as  a  winter  or  summer  variety,  when  sown  under  the  warmer 
climate  of  Grignan,  in  France,  behaved  exactly  as  if  it  had  been  a 
true  winter  wheat'" 

Botanists  believe  that  all  the  varieties  of  maize  belong  to  the 
same  species ;  and  we  have  seen  that  in  North  America,  in  proceed- 
ing northward,  the  varieties  cultivated  in  each  zone  produce  their 

**  *  OunL  ChroDide,'  1860,  p.  938.  p.  7. 

BMiMirlu  by    Jf^iitor    ftod    quoUtion  *^  *Gard.  Chronicle,' 1851,  p.  396. 

from  Decaboe.  **  Ibid.,  1862,  p.  235. 

*>  J.  do  Joogh«,  of  Brussels,   in  **  On    the    authority    of    Labat^ 

•Card.  Chronicle,' 1857,  p.  612.  quoted   in  *Oard.  Chron.,'  1862,  p 

«  Ch.  Martins,  *  Voyage  Bot.  C5tes  235. 

Sept.  de  la  Norv^ge,'  p.  26.  **  MM.Edwards  and  Colin,  <  AnnaL 

**  *  Journal   de  I'Acad.   Hort    de  des  Sc.  Nat,'  2nd  series,  Bot.,  toai.  r. 

Gaud,'  quoted  in  *  Gard.  Chron.,'  1859.  p,  22. 
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flowefB  and  npea.  their  seed  within  shorter  and  shoner  periods.  So 
that  the  tall,  slowlr  maturing  southern  Taiieties  do  not  succeed  in 
New  England,  and  the  New  English  Tarieties  do  not  succeed  in 
Canada.  I  have  not  met  with  anjr  statement  that  the  southern 
Tarieties  are  actually  injured  or  killed  by  a  degree  of  cold  which  the 
northern  varieties  can  withstand  with  impunity,  though  this  is 
probable ;  but  the  production  of  early  flowering  and  early  seeding 
varieties  deserves  to  be  considered  as  one  form  of  acclimatisation. 
Eience  it  has  been  found  possible,  according  to  Ealm,  to  cultivate 
maize  further  and  farther  northwards  in  America.  In  Europe,  also, 
as  we  learn  from  the  evidence  |;iven  by  Alph.  de  GandoUe,  the 
culture  of  maize  has  extended  since  the  end  of  the  last  centujry 
thirty  leagues  north  of  its  former  boundary."  On  the  authority  of 
Linnieus,^  I  may  quote  an  analogous  case,  namely,  that  in  Sweden 
tobacco  raised  from  home-grown  seed  ripens  its  seed  a  month 
sooner  and  is  loss  liable  to  miscarry  than  plants  raised  from  foreign 
seou. 

With  the  Vine,  differently  from  the  maize,  the  line  of  practical 
culture  has  retreated  a  little  southward  since  the  middle  agtss;**^  but 
this  seems  due  to  commerce  being  now  easier,  so  that  it  is  better  to 
import  wine  from  the  south  than  to  make  it  in  northern  districts* 
Nevertheless  the  fact  of  the  vine  not  having  spread  northward  shows 
that  acclimatisation  has  made  no  progress  during  several  centuries. 
There  is,  however,  a  marked  difference  in  the  constitution  of  the 
several  varieties, — some  beiug  hardy,  whilst  others,  like  the  muscat 
of  Alexandria,  require  a  very  high  temperature  to  come  to  perfection. 
According  to  Labat,*^  vines  taken  from  France  to  the  West  Indies 
succeed  with  extreme  difficulty,  whilst  those  imported  from  Madeira 
or  the  Oanary  Islands  thrive  admirably. 

Gallesio  gives  a  curious  account  of  the  naturalisation  of  the  Orange 
in  Italy.  I>uring  many  centuries  the  sweet  orange  was  propagated 
exclusively  by  giafts,  and  so  often  suffered  from  froste,  that  it  re- 
quired protection.  After  the  severe  frost  of  1709,  and  mors  especially 
after  that  of  1768,  so  many  trees  were  destroyed,  that  seedlings  from 
the  sweet  orange  were  raised,  and,  to  the  surprise  of  the  inhabitants, 
their  fruit  was  found  to  be  sweet  The  trees  thus  raised  were  larger, 
more  productive,  and  hardier  than  the  old  kinds ;  and  seedlings  are 
now  continually  raised.  Hence  Gallesio  concludes  that  much  more 
was  effected  for  the  naturalisation  of  the  .omnge  in  Italy  by  the 
accidental  production  of  new  kinds  during  a  period  of  about  sixty 
years,  than  had  been  effected  by  grafting  old  varieties  during  many 
ages.**    I  may  add  that  Kisso  ^  describ^  some  Portuguese  varieties 

••  *  digraph.  Bot.,'  p.  337.  p.  339. 

■•  «Swed»h  Acts,'  Eng.  translat.,  •>  'Gard.  Chrooicl«,M862,  p.  235, 

1739-40,  vol  i.Kalm,  in  his* Trayels,'  •*  Gallesio,   <Teoria  della    Ripro* 

rul.  ii.  p.  166,  gives  an   anaiogons  duzione  Veg,'    1816,  p.   125;    and 

ense  with  ooiton-piants  raised  in  New  *  Traits  da  Citrus,'  18 1 1 ,  p.  359. 
Jersey  from  Carolina  seed  *'  *  Ersai  sur  I'Hist.  des  Orangeri| 

••  De  Candolie.  *G^ograph.    Bot..*  1813,  p.  20,  6c. 
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of  the  orange  as  extremely  aensitiTe  iu  «x>ld,  and  as  much  tenierer 
than  certain  other  varieties. 

The  peach  was  known  to  Theophra»tns,  332  b.o.**  According  to 
the  autborities  quoted  by  Dr.  F.  Bolle,**  it  was  tender  when  first 
introduced  into  Greece,  and  eren  in  the  island  of  Rhodes  only 
occasionally  bore  fruit.  If  this  be  correct,  the  peach,  in  spreading 
during  the  last  two  thousand  years  over  the  middle  parts  of  Europe, 
must  have  Income  much  hardier.  At  the  present  day  different 
Tarieties  differ  much  in  hardiness :  some  French  varieties  will  not 
succeed  in  England;  and  near  Paris,  the  Pavie  de  BonneuU  does  not 
ripen  its  fruit  till  very  late  in  the  season,  even  when  grown  on  a 
wall ;  "  it  is,  therefore,  only  fit  for  a  very  hot  southern  dimate.*  ** 

I  will  briefly  give  a  few  other  cases.  A  variety  of  Atttgnolia 
grandiJUyra^  raisea  by  M.  Boy,  withstands  a  tempeiature  several 
degrees  lower  than  Uiat  which  any  other  variety  can  resist.  With 
camellias  there  is  much  difference  in  hardiness.  One  particular 
variety  of  the  Noisette  rose  withstood  the  severe  frost  of  I860  **  un- 
^  touched  and  hale  amidst  a  universal  destruction  of  other  Noisettes." 
In  New  York  the  *'  Irieh  yew  is  quite  hardy,  but  the  common  yew 
"  is  liable  to  be  cut  down."  X  may  add  thiftt  there  are  varieties  of 
the  sweet  potato  (Convolvulus  haiutas)  which  are  suited  for  warmer, 
as  well  as  for  colder,  climates.*^ 

The  plants  as  yet  mentioned  have  been  found  capable  oi 
reeisting  an  unusual  degree  of  oold  or  heat,  when  fully  grown. 
The  following  cases  refer  to  plants  whilst  young.  In  a  large 
bed  of  young  Araucarias  of  the  same  age,  growing  close  to- 
gether and  equally  exposed,  it  was  obeerved,^^  after  the 
unubually  severe  winter  of  1860-^f,  that,  ''in  the  midnt  of 
^'  the  dying,  numerous  individuals  remained  on  which  the 
*'  frost  had  absolutely  made  no  kind  of  impression."  Dr. 
Lindley,  after  alluding  to  this  and  other  similar  cases, 
remarks,  ''  Among  the  lesions  which  the  late  formidable 
*'  winter  has  taught  us,  is  that,  even  in  their  power  of 
^  resisting  oold,  individuals  of  the  same  species  of  plants  a?  e 
*'  remarkably  different."  Near  Salisbury,  there  was  a  sharp 
frost  on  the  night  of  May  24th,   1836,  and  all  the  French 

**  Alph.  de  Candolle,  'G<k>gnph.  For  camellias  and   ixMes,  »ce  *Qard. 

Bot./  p.  882.  Chron.,'  18H0,  p.  384.     For  the  yew, 

**  *Ch.   Darwin's    Lehre  von    der  <  Journal  of  Uort.,'  March  3rd,  1863, 

Entstehung,'  &c.,  1862,  s.  87.  p  174.     For  sweet  potatoes,  see  Col. 

••  Decaisne,  quoted  in  <  Gaxd.  Chro-  von  Siabold,  la  'Otrd.  Chroa.,'  18&fi| 

aide,'  1865,  p.  271.  p.  822. 

^  For  the  magnolia,  ue  Londoa'a  **  The  Editor,  *Qard.Chron.,' 1861, 

Oud.  Mag.,'  voL  xui.,  1837.  '21.  pw  239. 
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beans  (^Pha»eolu$  mdgarts)  in  a  bed  were  killed  except  aboni 
one  in  thirty,  whioh  oompletely  escaped/*  On  the  same  day  of 
the  month,  bat  in  the  year  1864,  there  was  a  severe  frost  in 
Kent,  and  two  rows  of  soHrlet-i-unners  (P.  mnUiflorui)  in  my 
garden,  containing  890  plants  of  the  same  age  and  equally 
exposed,  were  all  blackened  and  killed  except  about  a  dozen 
plants.  In  an  adjoining  row  of  "Fulmer'n  dwarf  bean" 
(P.  vulgar%$\  one  single  plant  escaped.  A  still  more  severe 
frost  occurred  four  days  afterwards,  and  of  the  dozen  plants 
which  had  previously  escaped  only  three  survived ;  these 
were  not  taller  or  more  vigorous  than  the  other  young  plants, 
but  they  escaped  completely,  with  not  even  the  tips  of  their 
leaves  browned.  It  was  impos^^ible  to  behold  these  threld 
plants,  with  their  blackened,  withered,  and  dead  brethren  all 
around,  and  not  see  at  a  glance  that  they  differed  widely  in 
constitutional  power  of  resisting  frost. 

This  work  is  not  the  proper  place  to  show  that  wild  plants 
of  the  same  species,  naturally  growing  at  different  altitudes 
or  under  different  latitudes,  become  to  a  certain  extent  accli- 
matised, as  is  proved  by  the  different  behaviour  of  their  seed- 
lings when  raised  in  another  country.  In  my  '  Origin  of 
Species  *  I  have  alluded  to  some  cases,  and  I  could  add  many 
others.  One  instance  must  suffice :  Mr.  Grigor,  of  Forres,^* 
states  that  seedlings  of  the  Scotch  fir  (Pinna  9}fhe$tr%9)y  raised 
from  seed  from  the  Continent  and  from  the  forests  of  Scotland^ 
ditfer  much.  "  The  difference  is  perceptible  in  one-year-old, 
**  and  more  so  in  two-year-old  seedlings ;  but  the  effects  of 
'*  the  winter  on  the  second  year's  growth  almost  uniformly 
"  make  those  from  the  Continent  quite  brown,  and  so  damaged, 
"  that  by  the  month  of  March  they  are  quite  unsaleable, 
"  while  the  plants  from  the  native  Scotch  pine,  under  the 
"  same  treatment,  and  standing  alongside,  although  consider- 
^  ably  shorter,  are  rather  stouter  and  quite  green,  so  that  the 

**  London's  '  Gard.  Mag.,'  toI.  xii.»  plants,     which     he     cultivated     m 

1836,  p.  378.  England    alongside  specimens    from 

'** Gardener's Chron.,' 1865, p.  699.  northern   districts;  and    he  fonnd  a 

Mr.  G.  Maw  gires  (*Gard.  Chron.'  great   difference  not  only  in    their 

1870,  p.  SV5)  a  number  of  strilsing  hardiness  during  the  winter*  but  in 

:oasen;  he  brought  home  from  south-  the    behariour    of    some    of    thtm 

era  Spain  and  northern  Africa  several  during  the  summer. 
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**  bods  of  the  vue  can  be  known  from  the  other  when  eeer 
*^  from  the  distanoe  of  a  mile."  Glcaely  nimilar  facts  have  beec 
obaerved  with  medling  liirohes. 

Hardy  yarieties  would  alone  he  valued  or  noticed  in  Europe 
whiLst  tender  Tarieties,  requiring  more  warmth,  would  generally  lie 
neglected ;  but  such  occasionally  arise.  Thus  Loudon^*  describes  u 
Coniish  variety  of  the  elm  which  is  almost  an  evergreen,  and  of 
which  the  shoots  are  often  killed  by  the  autumnal  frosts,  so  that  its 
timber  is  of  little  value.  Horticulturists  know  that  some  Tarieties 
are  much  more  tender  than  others :  thus  all  tlie  varieties  of  the 
broccoli  are  more  tender  than  cabbages ;  but  there  is  much  difference 
in  this  respect  in  the  sub- varieties  of  the  broccoli ;  the  pink  and 
purple  kinas  are  a  little  hardier  than  the  white  Cape  broccoli,  "  but 
'*  they  are  not  to  be  depended  on  after  the  thermometer  falls  below 
**  24°  Fahr. ;"  the  Walcheren  broccoli  is  less  tender  than  the  Cape, 
and  there  are  several  yarieties  which  will  stand  much  severer  cokl 
than  the  Walcheren.'"  Cauliflowers  seed  more  freely  in  India  than 
cabbages."  To  give  one  instance  with  flowers :  eleven  plants  raised 
from  a  hollyhock,  called  the  i^ieen  of  the  Whites,''*  were  found  to  be 
much  more  tender  than  yarious  other  seedlings.  It  may  be  pre- 
sumed that  all  tender  varieties  would  succeed  better  under  a  climate 
warmer  than  ours.  With  fruit-trees,  it  is  well  known  that  certain 
yarieties,  for  instance  of  the  peach,  stand  forcing  in  a  hot-house 
better  than  others ;  and  this  shows  either  pliability  of  organisation 
or  some  constitutioiml  difference.  The  same  individual  cheny-tree, 
when  forced,  has  been  observed  during  auccessive  years  gradually  to 
change  its  period  of  vegetation.''*  Few  pelargoniums  can  resist  the 
heat  of  a  stove,  but  ^ /6a  MtfJtiflom  will,  as  a  most  skilful  gardener 
asserts, "  stand  pine-apple  top  and  bottom  heat  the  whole  winter, 
"  without  looking  any  more  drdwn  than  if  it  had  stood  in  a  common 
"  greenhouse ;  and  lifanche  J-ltar  seems  as  if  it  had  been  made  on 
"  purpose  for  growing  in  winter,  like  many  bulbs,  and  to  rest  all 
"  summer."  ^'  There  can  hai-dly  be  a  doubt  that  the  Alba  Muftiflora 
pelargonium  must  have  a  widely  different  constitution  from  tliat  of 
most  other  varieties  of  this  plant;  it  would  probably  withstand  even 
an  equatorial  climate. 

We  have  seen  that  according  to  liabat  the  vine  and  wheat  require 
acclimatisation  in  order  to  succtud  in  the  West  Indies.  Similar 
£Mt8  have  been  observed  at  Madras :  "  two  parcels  of  mignonette- 


"  <  Arboretum  et  Fniticetum/  vo\.  '*  '  Gardener'^  Chronicle/  1841,  p. 

in.  P.  1376.  Wl. 

^    Mr.    Robson,    in    <  Journal    of  ^*  Mr.  Benton,  in   <  Cottage  Our* 

Uorticnltnrc,' 18H1,  p.  23.  d  iu>r/   March   20th,  18<>0,   p.   877. 

**    Dr.   Bonavia,   *  Report   of  the  QiiM*n  Mab  will  alM  Mtand  store  he&t. 

Agri.-H0rt.S9c.  of  Oudh/ 1866.  See  •  Gardener'tf  Chronicle,*  1845,  p 

'•  *  Cottage  Gardener,'  19*iO«  April  %3^ 
t4th,  p.  57. 
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**  seed,  one  direct  from  Europe,  the  other  saved  at  Bangalore  (of 
"  which  the  mean  temperature  is  much  below  that  of  Madras),  were 
"  sown  at  the  same  time :  the j  both  vegetated  equally  favourably, 
"  but  the  former  all  died  off  a  few  days  after  they  appeared  above 
"  ground ;  the  latter  still  survive,  and  are  vigorous,  healthy  plants." 
"  So  again,  turnip  and  carrot  seed  saved  at  Hyderabad  are  found  to 
'  answer  better  at  Madras  than  seed  from  Europe  or  from  the  Cape 
'  of  Good  Hope."^  Mr.  J.  Scott  of  the  Calcutta  Botanic  Gardens, 
informs  me  that  seeds  of  the  sweet-pea  (Lathyrus  odorattui)  imported 
from  England  produce  plants,  with  thick,  rigid  stems  and  small 
leaves,  which  rarely  blossom  and  never  yield  seed ;  plants  raised  from 
French  seed  blossom  sparingly,  but  all  the  flowers  aro  sterile ;  on 
the  other  hand,  plants  raised  from  sweet-peas  grown  near  Darjeeling. 
in  Upper  India,  but  originally  derived  from  England,  can  be  suc- 
cessfully cultivated  on  the  pUuns  of  India;  for  they  flower  and  seed 
profusely,  and  their  stems  are  lax  and  scandent.  In  some  of  the 
foregoing  cases,  as  Dr.  Hooker  has  remarked  to  me,  the  greater 
success  may  perhaps  be  attributed  to  the  seeds  having  been  more 
fully  ripened  under  a  more  &vourable  climate ;  but  this  view  can 
hardly  oe  extended  to  so  many  cases,  including  plants,  which,  from 
being  cultivated  under  a  climate  hotter  than  their  native  one, 
become  fitted  for  a  still  hotter  climate.  We  may  therefore  safely 
conclude  that  plants  can  to  a  certain  extent  become  accustomed  to 
a  climate  either  hotter  or  colder  than  their  own ;  although  the  latter 
cases  have  been  more  frequently  observed. 

We  will  now  consider  the  means  by  which  acclimatisation 
may  be  effected,  namely,  through  the  appearance  of  varieties 
having  a  different  constitution,  and  through  the  effects  of 
habit.  In  regard  to  new  varieties,  there  is  no  evidence  that 
a  change  in  the  constitution  of  the  ofbpring  necessarily  stands 
in  any  direct  relation  with  the  nature  of  the  climate  inhabited 
by  the  parents.  On  the  contrary,  it  is  certain  that  hardy 
and  tender  varieties  of  the  same  species  appear  in  the  same 
country.  New  varieties  thus  spontaneously  arising  become 
fitted  to  slightly  different  climates  in  two  different  ways  ; 
firstly,  they  may  have  the  power,  either  as  seedlings  or  when 
full-grown,  of  resisting  intense  cold,  as  with  the  Moscow 
pear,  or  of  resisting  intense  heat,  as  with  some  kinds  of 
Pelargonium,  or  the  flowers  may  withstand  severe  frost,  as 
with  the  Forelle  pear.  Secondly,  plants  may  become  adapted 
to  climates  widely  different  from  their  own,  from  flowering 
imd  fmiting  cither  earlier  or  later  in  the  season.     In  b>th 

"  *  Gardener's  ^nronicle,*  1841,  p.  430. 
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tlieBB  coses  the  power  of  acclimatisation  by  man  consista 
8i^p.ly  in  the  selection  and  preservation  of  new  Tarieties* 
But  without  any  direct  intention  on  his  part  of  securing 
a  hardier  variety,  acclimatisation  may  bo  unconsciously 
effected  by  merely  raising  tender  plants  from  seed,  and  by 
occasionally  attempting  their  cultivation  further  and  further 
northwards,  as  in  the  case  of  maize,  the  orange  and  the 
peach. 

How  much  influence  ought  to  be  attributed  to  inherited 
habit  or  custom  in  the  acclimatisation  of  animals  and  plants 
is  a  much  more  difficult  question.  In  many  cases  natural 
selection  can  hardly  have  £ailed  to  have  come  into  play  and 
complicated  the  result.  It  is  notorious  that  mountain  sheep 
resist  severe  weather  and  storms  of  snow  which  would  destroy 
lowland  breeds ;  but  then  mountain  sheep  have  been  thus 
exposed  from  time  immemorial,  and  all  delicate  individuals 
will  have  been  destroyed,  and  the  hardiest  preserved.  So 
with  the  Arrindy  silk-moths  of  China  and  India ;  who  can 
tell  how  far  natural  selection  may  have  taken  a  share  in  the 
formation  of  the  two  races,  which  are  now  fitted  for  such 
widely  different  climates  ?  It  seems  at  first  prol)able  that  the 
many  fruit-trees  which  are  so  well  fitted  for  the  hot  summers 
and  cold  winters  of  North  America,  in  contrast  with  their 
I>oor  success  under  our  climate,  have  become  adapted  through 
habit;  but  when  we  reflect  on  the  multitude  of  ^eedlings 
annually  raised  in  that  country,  and  that  none  would  succeed 
unless  bom  with  a  fitting  constitution,  it  is  possible  that 
mere  habit  may  have  done  nothing  towards  their  acclima- 
tisation. On  the  other  hand,  when  we  hear  that  Merino 
sheep,  bred  during  no  great  number  of  generations  at  the 
Cape  'of  Good  Hope — that  some  European  plants  raised 
during  only  a  few  generations  in  the  cooler  parts  of  India, 
withstand  the  hotter  parts  of  that  country  much  better  than 
the  sheep  or  seeds  imported  directly  from  England,  we  must 
attribute  some  influf*nce  to  habit.  We  are  led  to  the  same 
conclusion  when  we  hear  from  Naudin  ^^  that  the  races  of 
melons,  squashes,  and  gourds,  which  have  long  been  cultivated 

^  Quoted  hf  Asa  Qraj,  in  'Am.  Jotirn.  of  Sci.,'  2ad  series,  Jan.  1865^ 
p.  106. 
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in  Northern  Europe,  are  comparatively  more  preoccions,  and 
need  much  lees  heat  for  maturing  th^ir  fruit,  than  the 
Tarieties  of  the  i^ame  species  recently  brought  from  tropical 
regions.  In  the  reciprocal  conversion  of  summer  and  winter 
wheat,  barley,  and  vetches  into  each  other,  habit  produces 
a  marked  effect  in  the  oonrse  of  a  very  few  generations. 
The  same  thing  apparently  occurs  with  the  vaiieties  of 
maize,  which,  when  carried  from  the  Southern  States  of 
America,  or  into  Germany,  soon  became  accustomed  to  their 
new  homes.  With  vine-plants  taken  to  the  West  Indies  from 
Madeira,  which  are  said  to  succeed  better  than  plants  brought 
directly  from  France,  we  have  some  degree  of  acclimatisation 
in  the  individual,  independently  of  the  production  of  new 
varieties  by  seed. 

The  common  experience  of  agriculturists  is  of  some  value, 
and  they  often  advise  persons  to  be  cautious  in  trying  the 
productions  of  one  country  in  another.  The  ancient  agri- 
cultural writers  of  China  recommend  the  preservation  and 
cultivation  of  the  varieties  peculiar  to  each  country.  During 
the  classical  period.  Columella  vrrote,  ^*  Vernaculum  peciis 
*'  peregrine  longe  prtestantius  est."  ^* 

I  am  aware  that  the  attempt  to  acclimatise  either  animals 
or  plants  has  been  called  a  vain  chimera.  No  doubt  the 
attempt  in  most  cases  deserves  to  be  thus  called,  if  made  in- 
dependently of  the  production  of  new  varieties  endowed  with, 
a  different  constitution.  With  plants  propagated  by  buds, 
habit  rarely  produces  any  effect;  it  apparently  acts  only 
through  successive  seminal  generations.  The  laurel,  bay, 
laurestinus,  &c.,  and  the  Jerusalem  artichoke,  which  are  pro- 
pagated by  cuttings  or  tubers,  are  probalily  now  as  tender  in 
England  as  when  iirst  introduced ;  and  this  appears  to  be  the 
case  with  the  potato,  which  until  recently  was  seldom  mul- 
tiplied by  seed.  With  plants  propagated  by  seed,  and  with 
animals,  there  will  be  little  or  no  acclimatisation  unless  tho 
hardier  individuals  are  either  intentionally  or  unconsciously 
preserved.    The  kidney-bean  has  often  been  advanced  as  an 

^  For   China,   see  *  M^moire   rur       *  Journal  de   Physiqne,'  torn,  zxir.^ 
)o8  ChiaoU,'   torn,  xi.,  1780,   p.  60.       178^. 
CslttineUa  b  quoted  by  Carlier.  it 
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instance  of  a  plant  which  has  not  become  hardier  since  iUt 
first  introduction  into  Britain.     We  hear,  however,  on  excel 
lent  authority,^  that  some  very  fine  seed,  imported  from  abroad, 
prodnoMl  plants  *'  which  blossomed  most  profusely,  but  were 
nearly  all  but  abortive,  whilst  plants  grown  alongside  from 
English  seed   podded  abundantly;"  and  this  apparently 
shows  some  degree  of  acclimatisation  in  our  English  plants. 
AV^e  have  also  seen  that  seedlings  of  the  kidney-bean  occasion- 
ally appear  with  a  marked  power  of  resisting  frost ;  but  no 
one,  as  far  as  I  can  hear,  has  ever  separated  such  hardy 
seedlings,  so  as  to  prevent  accidental  crossing,   and  then 
gathered  their  seed,  and  repeated  the  process  year  after  year. 
It  may,  however,  be  objected  with  truth  that  natural  selection 
ought  to  have  had  a  decided  effect  on  the  hardiness  of  our 
kidney-beans ;  for  the  tenderest  individuals  must  have  been 
killed  during  every  severe  spring,  and  the  hardier  preserved. 
But  it  should  be  borne  in  mind  that  the  result  of  increased 
hardiness  would  simply  be  that  gardeners,  who  are  always 
anxious  for  as  early  a  crop  as  possible,  would  sow  their  seed 
a  few  days  earlier  than  formerly.     Kow,  as  the  period  of  sowing 
depends  much  on  the  soil  and  elevation  of  each  district,  and 
varies  with  tlie  season ;  and  as  new  varieties  have  often  been 
impoi*ted  from  abroad,  can  we  feel  sure  that  our  kidney-beans 
are  not  somewhat  hardier  ?     I  have  not  been  able,  by  searching 
old  horticultural  works,  to  answer  this  question  satisfactorily. 
On  the  whole  the  facts  now  given  show  that,  though  habit 
does   something  towards   acclimatisation,   3'et   that   the  ap- 
pearance of  constitutionally  different  individuals  is  a  far  more 
effective  agent.     As  no  single  instance  has  been  recorded 
either  with  animals  or  plants  of  hardier  individuals  having 
been  long  and  steadily  selected,   though  such  selection  is 
admitted  to  be  indispensable  for  the  improvement  of  any  other 
character,  it  is  not  surprising  that  man  has  done  little  in  the 
acclimatisation  of  domesticated  animals  and  cultivated  plants. 
We  need  not,  however,  doubt  that  under  nature  new  laces 
and  new  species  would  become  adapted  to  widely  differeit 
climates,    by   variation,  aided  by  habit,  and  regulated  Ij 
natui-al  selection. 

**  Messrs.  Hardjr  and  Son,  m  *  Gard.  Ckrtmiue,*  1856,  p.  5M. 
TOL.  U.  X 
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Arresis  of  Deoeioyment :  B»idtmeiUary  cmd  Aborted  Organs, 

ModificaUons  of  stractnre  from  arrested  development,  bo  great 
or  80  serious  as  to  desenre  to  be  called  monstroeities,  are  Dot  in- 
frequent  with  domesticated  animalB,  but,  as  they  differ  much  from 
any  normal  structure,  they  require  only  a  passing  notice.  Thus 
the  whole  head  may  be  represented  hv  a  soft  nipple-hke  projec- 
tion, and  the  limbs  by  mere  papiilao.  Tnese  rudiments  of  limbs  are 
sometimes  inherited,  as  has  been  obserred  in  a  dog.*^ 

Muiy  lesser  anomalies  appear  to  be  due  to  arrested  deyelopment 
What  the  cause  of  the  arrest  may  be,  we  seldom  know,  except  in 
the  case  of  direct  injury  to  the  embrya  That  the  cause  does  not 
."Tenerally  act  at  an  extremely  oarly  embryonic  period  we  may  infer 
rom  the  affected  organ  seldom  being  wholly  aborted, — a  rudiment 
being  generally  preserred.  The  external  ears  are  represented  bv 
mere  yestiges  in  a  Chinese  breed  of  sheep ;  and  in  another  breed, 
the  tail  is  Fbduoed  "  to  a  little  button,  suffocated  in  a  manner,  by 
fat."  **  In  tailless  dogs  and  cats  a  stump  is  left  In  certain  bre^  of 
fowls  the  comb  and  wattles  are  reduced  to  rudiments ;  in  the  Cochin- 
China  breed  scarcely  more  than  rudiments  of  spurs  exist  With 
polled  Suffolk  cattle,  "  rudiments  of  horns  can  often  be  felt  at  an 
"  early  age ;"  "*  and  with  species  in  a  state  of  nature,  the  relatiyely 
great  deyelopment  of  rudimentary  organs  at  an  early  period  of 
life  is  highly  characteristic  of  such  organs.  With  hornless  breeds 
of  cattle  and  sheep,  another  and  singular  kind  of  rudiment  has 
been  obseryed,  namely,  minute  dangling  horns  attached  to  the  skin 
alone,  and  which  are  often  shod  and  grow  again.  With  hornless 
goats,  according  to  Desmarest,"^  the  bony  protuberance  which 
properly  supports  the  horn  exists  as  a  mere  rudiment 

With  cultiyated  plants  it  is  far  from  rare  to  find  the  petals, 
stamens,  and  pistils  represented  by  rudiments,  like  those  observed 
in  natural  species.  So  it  is  with  the  whole  seed  in  many  fruits ; 
thus,  near  Astrakhan  there  is  a  grape  with  mere  traces  of  seeds,  "  so 
"  small  and  lying  so  near  the  stalk  that  they  are  not  perceived  in 
"  eating  the  grape."  *^  In  certain  varieties  of  the  gourd,  the  tendrils, 
according  to  Naudin,  are  represented  by  rudiments  or  by  various 
monstrous  growths.  In  the  broccoli  and  cauliflower  the  greater 
number  of  the  flowers  are  incapable  of  expansion,  and  include 
rudimentary  prgans.  In  the  Feather  hyacinth  (Muecari  comr»sum) 
in  its  natural  state  the  upper  and  central  flowers  are  brightly 
coloured   but  rudimentary;   under  oultivation  the   tendency  to 


■>Isid.Ot*oflrroySaint.UiUire/HUt.  •«  <  Kncyclop.    Method./   1820,   p. 

Nat.  des  Anomalies,'  1836,  torn.  ii.  483 :  a$e  p.  500,  on  the  Indian  zthm 

pp.210,  223,  224,  395;  *Philo8oph.  casting  its  horns.     Similar  cases  in 

Transact.,'  1775,  p.  313.  European  cattle  were  given  in  thi 

**  Pallas,   quoted    by   Youatt    on  third  chapter. 

Sheep,  p.  25.  "^  Pallas,  *  Travels,'  £ng.  Translat. 

••  ir^oait  M  Oaitie,  1534,  p.  174.  vol.  L  p.  243. 
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alx)rtk>n  travels  downwards  and  outwards,  aiid  all  the  flowers 
liecome  rudimentary ;  but  tbe  aliortive  stamens  and  pistils  aro  not 
so  smull  in  the  lower  as  in  the  npper  flowers.  In  the  Viburnum 
oinuun,  on  the  other  hand,  the  outer  flowers  naturally  have  their 
orgaii»  of  fructification  in  a  rudimentary  state,  and  the  corolla  is  of 
Urge  size;  under  cultivation,  the  change  spreads  to  the  centre,  and 
all  the  flowers  become  affected.  In  tlic  conipositie,  the  so-called 
doubling  of  the  flowera  consists  in  the  pi  cm 'or  development  of  the 
corolla  of  the  central  florets,  generally  accou;i»anied  with  some  degree 
of  sterility ;  and  it  has  been  observed  ^  that  tlie  progressive  doubling 
invariably  spreads  from  the  circumference  to  the  centre, — that  is, 
from  the  ruy  florets,  which  so  often  include  rudimentary  organs,  to 
those  of  the  disc.  I  may  add,  as  bearing  on  this  subject,  that  with 
Astei-s,  seeds  taken  from  the  florets  of  the  circumference  have  been 
found  to  yield  the  greatest  number  of  double  flowers.*^  In  the 
above  casos  we  have  a  natural  tendency  in  certain  parts  to  be  rudi- 
mentary, and  this  nnder  culture  spreads  either  to,  or  from,  the  axis 
of  the  plant.  It  deserves  notice,  as  showing  how  the  same  laws 
govern  the  changes  which  natural  species  and  artificial  varieties 
undergo,  that  in  the  species  of  Carthamus,  one  of  the  Gompositse,  a 
tendency  to  the  abortion  of  the  pappus  may  bo  traced  extending 
from  the  circumference  to  the  centre  of  the  disc  as  in  the  so-called 
doubling  of  the  flowers  in  the  members  of  the  same  family.  Thus^ 
according  to  A.  de  Jussieu,**  the  abortion  is  only  partial  in  Oarthw 
mua  creticus,  but  more  extended  in  C.  lanatus  ;  for  in  this  species 
only  two  or  three  of  the  central  seeds  are  furnished  with  a  pappus, 
the  suriounding  seeds  being  either  quite  naked  or  furnished  with  a 
few  hairs ;  and  lastly  in  C.  tincl-jrtua,  even  the  central  seeds  are 
destitute  of  pappus,  and  the  abortion  is  complete. 

With  animals  and  plants  under  domestication,  when  an  organ 
disappears,  leaving  only  r  rudiment,  the  loss  has  generally  been 
sudden,  as  with  hornless  and  tailless  breeds ;  and  such  caces  may  be 
ranked  as  inherited  monstrosities.  But  in  some  few  cases  the  loss 
has  been  gradual,  and  has  been  effected  partly  by  selection,  as 
with  the  rudimentary  combe  and  wattles  of  certain  fowls.  We 
have  also  seen  that  the  wings  of  some  domesticated  birds  have  been 
slightly  reduced  by  disuse,  and  the  great  reduction  of  the  wings 
in  certain  silk-moths,  with  mere  rudiments  left,  has  probably  been 
aided  by  disuse. 

With  species  in  a  state  of  nature,  rudimentary  organs  are 
extremely  common.  Such  organs  are  geneially  variable,  as 
several  naturalists  have  observed ;  for,  being  useless,  they  are 
not  regulated  by  natural  selection,  and  they  are  more  or  lees 
liable  to  reversion.     The  same  rule  certainly  holds  good  with 

**  Mr.  Beaton,  in  'Journal  of  Hor-       1862,  p.  2'iJi, 
ticuItuiV  May  21,  1861,  p.  133.  **  'Annales  da  Mos^am,'  torn.  H 

*'  Leco4,    *  De    la     Fccondation,'       f .  319. 
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parts  which  have  hAoome  mdimentary  under  domestication. 
Wo  do  not  know  through  what  steps  under  nature  rudimentary 
organs  have  pa-sed  in  being  reduced  to  their  present  condition  ; 
but  we  so  incessantly  see  in  species  of  the  same  group  the 
finest  gradations  between  an  organ  in  a  rudimentary  and 
perfect  state,  that  we  are  led  to  believe  that  the  passage  must 
have  been  extremely  gradual.  It  may  be  doubted  whether  a 
chingo  of  structure  so  abrupt  as  the  sudden  loss  of  an  organ 
wo*  Id  ever  be  of  service  to  a  species  in  a  state  of  nature  ;  fur 
the  conditions  to  which  all  organisms  are  closely  adapted 
usually  change  very  slowly.  Even  if  an  organ  did  suddenly 
disappear  in  some  one  individual  by  an  arrest  of  development, 
intercrossing  with  the  other  individuals  of  the  same  8[)ccic8 
would  tend  to  cause  its  partial  reappearance;  so  that  its 
final  ]  eduction  could  only  be  effected  by  some  other  means. 
The  moht  probable  view  is,  that  a  part  which  is  now  rudi- 
mentary, was  formerly,  owing  to  changed  habits  of  life,  used 
less  and  less,  being  at  the  same  time  reduced  in  size  by 
disuse,  until  at  last  it  became  quite  useless  and  superfiuoua 
But  as  most  parts  or  organs  are  not  brought  into  action 
during  an  early  period  of  life,  disuse  or  decreased  action  will 
not  lead  to  their  reduction  until  the  organism  arrixes  at  a 
somewhat  advanced  age ;  and  from  the  principle  of  inheritance 
at  corresponding  ages  the  reduction  will  be  transmitted  to 
the  offspring  at  the  same  advanced  stage  of  growth.  The 
part  or  organ  will  thus  retain  its  full  size  in  the  embryo, 
as  we  know  to  be  the  case  with  most  rudiments.  As  soon  as 
a  part  becomes  useless,  another  principle,  that  of  economy  of 
growth,  will  come  into  play,  ns  it  would  be  an  advantage  to 
ail  organism  exposed  to  severe  competition  to  save  the  de- 
velopment of  any  tiseloss  part;  and  individuals  having  the 
})urt  less  developed  will  have  a  slight  ctd vantage  over  others. 
But,  as  Mr.  Mivart  has  justly  remarked,  as  soon  as  a  part  is 
much  reduced,  the  saving  from  its  further  reduction  yd,\  be 
utterly  insignificant ;  so  that  this  cannot  be  effected  by 
natural  selection.  This  manifestly  holds  good  if  the  part  be 
formed  of  mere  cellular  tissue,  entailing  little  expenditu:e  of 
Qu  trillion  t.  How  then  (an  the  further  reduction  of  an  already 
Scmewhat  reduced  part  bo  effected  ?    That  this  has  oocnrnMl 
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repeatedly  under  Nature  is  shown  by  the  many  gradations 
which  exist  between  organs  in  a  perfect  state  and  the  merest 
vestiges  of  them.  Mr.  Bomanes  ^'  has,  I  think,  thrown  much 
light  on  this  difficult  problem.  His  view,  as  far  as  it  can  bo 
given  in  a  few  words,  is  as  follows :  all  parts  are  somewhat 
variable  and  fluotuate  in  size  round  an  average  point.  Now, 
when  a  part  has  already  begun  from  any  cause  to  decrease,  it 
is  very  improbable  that  the  variations  should  be  as  great  in 
the  direction  of  increase  as  of  diminution ;  for  its  previous 
reduction  shows  that  circumstances  have  not  been  favourable 
for  its  development ;  whilst  there  is  nothing  to  check  varia- 
tions in  the  opposite  direction.  If  this  be  so,  the  long  con- 
tinued crossing  of  many  individuals  furnished  with  an  organ 
which  fluctuates  in  a  greater  degree  towards  decrease  than 
towards  increase,  will  slowly  but  steadily  lead  to  itn  diminu- 
tion. With  respect  to  the  complete  and  absolute  abortion  of 
a  part,  a  distinct  principle,  which  will  be  discussed  in  the 
chapter  on  pangenesis,  probably  comes  into  action. 

With  animals  and  plants  reared  by  man  there  is  no  severe 
or  recurrent  struggle  for  existence,  and  the  principle  of 
economy  will  not  come  into  action,  so  that  the  reduction  of 
an  organ  will  not  thus  be  aided.  So  far,  indeed,  is  this  from 
being  the  case,  that  in  some  few  instances  organs,  which  are 
naturally  rudimentary  in  the  parent- species,  become  partially 
redeveloped  in  the  domesticated  descendants.  Thus  cows, 
like  most  other  ruminants,  properly  have  four  active  and  two 
rudimentary  mammad ;  but  in  our  domesticated  animals,  the 
latter  occasionally  become  considerably  developed  and  yield 
milk.  The  atrophied  mammae,  which,  in  male  domesticated 
animals,  including  man,  have  in  some  rare  cases  grown  to  full 
size  and  secreted  milk,  perhaps  offer  an  analogous  case,  llie 
hind  feet  of  dogs  naturally  include  rudiments  of  a  fifth  toe, 
and  in  certain  large  breeds  these  toes,  though  still  rudimentary, 

**  I  suggested  in 'Nature*  (vol.  viii.  natural    selection  would,   owing    to 

pp.   432,   505)  that  with  organisms  intercrossing,     slowly    but     steadily 

subj^ted  to  unfavourable  conditions  decrease.     In  three  subsequent  com- 

all    the    parts  would   t^nd   towards  munications  to  *  Nature'  (March  12, 

reduction,  and  that  under  such  cir-  April  9,   nri    July    2,    1874),    Mr. 

cumNtani-es  any  part  which  was  not  Romanes  giv«  his  improved  view 
kept    up    to    its    standard    size  by 
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beoomo  considerably  developed  and  are  furnished  with  claws, 
fn  the  common  Hen,  the  spurs  and  comb  are  rndimentar}% 
but  in  certain  breeds  these  become,  independently  of  age  or 
disease  of  the  ovaria,  well  developed,  llie  stallion  has 
canine  teeth,  but  the  mare  has  only  traces  of  the  alveoli,  which, 
as  I  am  informed  by  the  eminent  veterinarian  Mr.  G.  T.  Brown, 
frequently  contain  minute  irregular  nodules  of  bone.  These 
nodules,  however,  sometimes  become  developed  into  imperfect 
teeth,  protruding  through  the  gums  and  coated  with  enamel ; 
and  occasionally  they  grow  to  a  fourth  or  even  a  third  of  the 
length  of  the  canines  in  the  stallion.  With  plants  I  do  not 
know  whether  the  redevelopment  of  rudimentary  organs 
occurs  more  frequently  under  culture  than  under  nature. 
Perhaps  the  pear-tree  may  be  a  case  in  point,  for  when  wild 
it  bears  thorns,  which  consist  of  branches  in  a  rudimentary 
condition  and  serve  as  a  protection,  but,  when  the  tree  is 
eultivated,  they  are  reconverted  into  branches. 
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CHAPTER  XXV. 

LAWS  OK  VARIATION,  Continued  —  correlated  variability. 

BKl'LAXATION  OP  TERM  CORRELATIOV— OONITBCTED  WITH  DETEOLPMEZTr— 
U0DIFICATI0N8  CORRELATED  WITH  O'HE  INCREASED  OR  DECREASED  SIZE 
OK  TARTS — CORRELATED  VARIATION  OP  H0SI0L0G0U8  PARTS — PEATHERED 
FEFT  IN  BIRDS  ASSVMINf}  THE  STRUCTURE  OP  THE  WINGS — CORRELATION 
BETWEEN  THE  HEAD  AND  THE  EXTREMITIES — BETWEEN  THE  SKIN'  AND 
DERMAL  APPENDAGES— BETWEEN  THE  ORGANS  OF  SIGHT  AND  HEARING — 
CORRELATED  MODIFICATIONS  IN  THE  ORGANS  OP  PI  ANTS— CORRELATBO 
MONSTROSITIES  -  COURELATIOS  BETWEEN  THE  SKULL  AND  EARS — SKVIX 
AND  CREST  OP  FEATHERS — SKULL  AND  H0UN8 — CORRELATION  OF  GROWTH 
COMPLICATED  BY  THE  ACCUMULATED  EFFECTS  OP  NATURAL  SELECTION-^ 
COLOUR  AS  CORRELATED  WITH  CONSTITUTIONAL  PECULIARITIES. 

All  parts  of  the  organisation  are  to  a  certain  extent  connected 
together ;  but  the  connection  may  be  so  slight  that  it  hardly 
exists,  as  with  compound  animals  or  the  bnds  on  the  same  tree. 
Even  in  the  higher  animals  various  parts  are  not  at  all 
closely  related;  for  one  part  may  be  wholly  suppressed  or 
rondered  monstrous  without  any  other  part  of  the  body 
being  affected.  But  in  some  cases,  when  one  part  varies, 
certain  other  parts  alwa^'^s,  or  nearly  always,  simultaneously 
vary ;  they  are  then  subject  to  the  law  of  correlated  varia- 
tion. The  whole  body  is  admirably  oo-ordinated  for  the  pecu- 
liar habits  of  life  of  each  organic  being,  and  may  be  said,  as 
the  Duke  of  Argyll  insists  in  his  *  Eeign  of  Law,'  to  be  corre- 
lated for  this  purpose.  Again,  in  large  groups  of  animals 
certain  structures  always  co-exist:  for  instance,  a  peculiar 
form  of  stomach  with  teeth  of  peculiar  form,  and  such 
structures  may  in  one  sense  be  said  to  be  correlated.  But 
these  cases  have  no  necessary  connection  with  the  law  to  be 
discussed  in  the  present  chapter ;  for  we  do  not  know  that 
the  initial  or  primary  variations  of  the  several  parts  were  in 
any  way  related :  slight  modifications  or  individual  differ- 
enoes  may  have  been  preserved,  first  in  one  and  then  in  another 
part,  until  the  final  and  perfectly  co-adapted  structui^  wan 
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acquired  ;  but  to  this  subject  I  shall  presently  recur.  Again, 
in  many  groups  of  animals  the  males  alone  are  furnished  with 
weapons,  or  are  ornamented  with  gay  colours ;  and  these 
characters  manifestly  stand  in  some  sort  of  coiTelation  >vitb 
the  male  reproductive  organs,  for  when  the  latter  are  de- 
stroyed these  characters  disappear.  But  it  was  shown  in  the 
twelfth  chapter  that  the  very  same  peculiarity  may  become 
attached  at  any  age  to  either  sex,  and  afterwards  be  exclu- 
sively tra3\8mittcd  to  the  same  sex  at  a  corresponding  age. 
In  these  cases  we  have  inheritance  limited  by  both  sex  and 
u(^ ;  but  we  have  no  reason  for  supposing  that  the  original 
cause  of  the  variation  was  necessarily  connected  with  the 
repix)ductive  organs,  or  with  the  age  of  the  affected  being. 

In  cases  of  true  correlated  variation,  we  are  sometimes  able 
to  see  the  nature  of  the  connection ;  but  in  most  oases  it  is 
hidden  from  us,  and  certainly  differs  in  different  cases.  We 
can  seldom  say  which  of  two  correlated  parts  first  varies, 
and  induces  a  change  in  the  other ;  or  whether  the  two  are 
the  effects  of  some  common  cause.  Correlated  variation  is 
an  important  subject  for  ns ;  for  when  one  part  is  modified 
through  continued  selection,  either  by  man  or  under  nature, 
other  parts  of  the  organisation  will  be  unavoidably  modified. 
From  this  correlation  it  apparently  follows  that  with  our 
domesticated  animals  and  plants,  varieties  rarely  or  never 
differ  from  one  another  by  a  single  character  alone. 

One  of  the  simplest  cases  of  correlation  is  that  a  modification 
which  arises  daring  an  early  stage  of  growth  tends  to  influ- 
ence the  subsequent  development  of  the  same  part,  as  well  as  of 
other  and  intimately  connected  parts.  Isidore  Geoffrey  Saint- 
Hilaire  states^  that  this  may  constantly  be  observed  with 
monstrosities  in  the  animal  kingdom ;  and  Moquin-Tandon  ^ 
remarks,  that,  as  with  plants  the  axis  cannot  become  mon- 
strous without  in  someway  affecting  the  organs  subsequently 
produced  from  it,  so    axial   anomalies  are  almost  alwaya 

'  *  Hist.  d<^  Anomaiies,*  torn.  iii.  p.  on  the  Morphology  of  the  Cephnloiu 

?>92.     Prof.  Uuzley  applies  the  same  Mollusca,  in  *  Phil.  Transact.,'   1858^ 

principle  in  accoantiog  for   the  re-  p.  56. 

markable,  though  normal,  differences  *  *  Elements  de  Teratologic  V^^ 

(a  the  arrangement  of  the  nervous  1841,  p.    13. 
Ayatem  in  the  Mollusca,  in  his  paper 
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aoof>mpdni6d  by  deviations  of  structure  in  the  appended  parts. 
We  shall  presently  see  that  with  short-muzzled  raoes  of  the 
dog  certain  histological  changes  in  the  basal  elements  of  the 
bones  arrest  their  development  and  shorten  them,  and  this 
affects  the  position  of  the  subsequently  developed  molar  tectli. 
It  is 'probable  that  certain  modifications  in  the  larvae  of 
insects  would  affect  the  structure  of  the  mature  insects.  But 
we  must  be  careful  not  to  extend  this  view  too  far,  for 
during  the  normal  coui-se  of  development,  certain  species  pass 
through  an  extraordinary  course  of  change,  whilst  other  and 
closely  allied  species  arrive  at  maturity  with  little  change 
of  structure. 

Another  simple  case  of  correlation  is  that  with  the  increased 
or  decreased  dimensions  of  the  whole  body,  or  of  any  parti- 
cular part,  certain  organs  are  increased  or  diminished  in 
number,  or  are  otherwise  modified.  Thus  pigeon  fanciers  have 
gone  on  selecting  pouters  for  length  of  body,  and  we  'have 
seen  that  their  vertebrae  are  generally  increased  not  only  in 
size  but  in  number,  and  their  ribs  in  breadth.  Tumblers  have 
been  selected  for  their  small  bodies,  and  their  ribs  and  primary 
wing- feathers  are  generally  lessened  in  number.  Fan  tails  have 
been  selected  for  their  large  widely-expanded  tails,  with  nu- 
merous tail  feathers,  and  the  caudal  vertebrse  are  increased  in 
size  and  number.  Canriers  have  been  selected  for  length  ot 
beak,  and  their  tongues  hive  become  longer,  but  not  in  strict 
accordance  with  the  length  of  beak.  In  this  latter  breed  and 
in  others  having  large  feet,  the  number  of  the  scutellaa  on  the 
toes  is  greater  than  in  the  breeds  with  small  feet.  Many 
similar  cases  could  be  given.  In  Germany  it  has  been 
observed  that  the  period  of  gestation  is  longer  in  large  than 
in  small  breeds  of  cattle.  With  our  highly-improved 
bleeds  of  all  kinds,  the  periods  of  maturity  and  of  repro- 
duction have  advanced  with  respect  to  the  age  of  the 
animal;  and,  in  correspondence  with  this,  the  teeth  are 
now  developed  earlier  than  formerly,  so  that,  to  the  sui  prise 
of  agiiculturists,  the  ancient  iiiles  for  judging  of  the  age  of 
an  animal  by  the  state  of  its  teeth  are  no  longer  trustworthy.* 

'  Prof.  J.  B.  Simonds,  on  the  Age  of  the  Ox,  Sheep,  &c.,  qacted  in  *  OunL 
Chronicle,'  1854,  p.  588. 
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Correlated  Variation  ofHomologaus  ParU. — P«rts  which  are 
homologous  tend  to  vary  in  the  same  manner;  and  this  is 
what  might  have  been  expected,  for  such  parts  are  identical 
in  form  and  structure  during  an  early  period  of  embryonic 
development,  and  are  exposed  in  the  egg  or  womb  to  similar 
conditions.  The  symmetr}"^,  in  most  kinds  of  animals,  of  the 
corresponding  or  homologous  organs  on  the  right  and  left 
sides  of  the  body,  is  the  simplest  case  in  point;  but  this 
,«iymmetry  sometimes  fails,  as  with  rabbits  having  only  cue 
ear,  or  stags  with  one  hoiTi,  or  with  many-homed  sheep 
which  sometimes  carry  an  additional  horn  on  one  side  of  their 
heads.  With  flowers  which  have  regular  corollas,  all  the  petals 
generally  vary  in  the  same  manner,  as  we  see  in  the  com- 
plicated and  symmetrical  pattern,  on  the  flowers,  for  instance, 
of  the  Chinese  pink ;  but  with  irregular  flowers,  though  the 
petals  are  of  course  homology >U8,  this  symmetry  often  fails, 
as  with  the  varieties  of  the  Aniirrliijium  or  snapdragon,  or 
that  variety  of  the  kidney-bean  {PhaBeduB)  which  has  a 
white  standard-petal. 

In  the  Vertebrata  the  front  and  hind  limbs  are  homologous, 
and  they  tend  to  vary  in  the  same  manner,  as  we  see  in  long 
and  short  legged,  or  in  thick  and  thin  legged  races  of  the 
horse  and  dog.  Isidore  Geoffrey  ^  has  remarked  on  the  ten- 
dency of  supernumerary  digits  in  man  to  appear,  not  only  on 
the  right  and  left  sides,  but  on  the  upper  and  lower  extremi- 
ties. Meckel  has  insisted  '  that,  when  the  muscles  of  the  arm 
depart  in  number  or  airangement  from  their  proper  type,  they 
almost  always  imitate  those  of  the  leg ;  and  so  conversely  the 
Tar3dng  muscles  of  the  leg  imitate  the  normal  muscles  of  the 
arm. 

In  several  distinct  breeds  of  the  pigeon  and  fowl,  the  legs 
and  the  two  outer  toes  are  heavily  feathered,  so  that  in  the 
trumpeter  pigeon  they  appear  like  little  wings.  In  the 
feather-legged  bantam  the**  boots"  or  feathers,  which  grow  from 
the  outside  of  the  leg  and  generally  from  the  two  outer  toes, 
have,  according  to  the  excellent  authority  of  Mr.  Hewitt,^ 

*  *  Hist,  des  Anomalies/  torn.  i.  p.       torn.  i.  p.  635. 

674.  •  *The   Poultry  Book/  by  ST.  B 

•  Quoted   by  Isid.  Geoffroy,  ibid.,      Tegetmeier,  1866,  p.  250. 
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been  seen  to  excetnl  the  win^-feathcrs  in  lencrtli,  and  in  one 
case  were  actually  nine  and  a  half  inches  long  I  As  Mr. 
lUyth  has  remarked  to  me,  these  leg- feathers  resemble  the 
primary  wing-feathers,  and  are  totally  unlike  the  fine  down 
which  naturally  grows  on  the  legs  of  some  birds,  snch  as 
grouse  and  owls.  Hence  it  may  be  8nspect«d  that  exoesa  of 
food  has  first  given  redundancy  to  the  plumage,  and  then 
that  the  law  of  homologous  Tariation  has  led  to  the  develop* 
ment  of  feathers  on  the  legs,  in  a  position  corresponding  with 
those  on  the  wing,  namely,  on  the  outside  of  the  tarsi  and 
toes.  I  am  strengthened  in  this  belief  by  the  following 
curious  case  of  correlation,  which  for  a  long  time  seemed  to 
me  utterly  inexplicable,  namely,  that  in  pigeons  of  any  breed, 
if  the  legs  are  feathoi-ed,  ihe  two  outer  toes  are  partially 
connected  by  skin.  These  two  outer  toes  correspond  with 
our  third  and  fourth  toes.^  Now,  in  the  wing  of  the  pigeon 
or  of  any  other  bird,  the  first  and  fifth  digits  are  aborted ;  the 
second  is  rudimentary  and  carries  the  so-called  "  bastard- 
wing  ;"  whilst  the  third  and  fourth  digits  are  completely  united 
and  enclosed  by  skin,  together  forming  the  extremity  of  the 
wing.  S » that  in  feather-footed  pigeons,  not  only  does  the 
exterior  surface  suppoi't  a  row  of  long  feathers,  like  wing- 
feathers,  bnt  the  very  same  digits  which  in  the  wing  are 
completely  nnited  by  skin  become  partially  united  by  skin  in 
the  feet ;  and  thus  by  the  law  of  the  correlated  variation  of 
homologous  parts  we  can  understand  the  curious  connection 
of  fe-ithered  legs  and  membrane  between  the  two  outer  toes. 

Andrew  Knight  ^  has  remarked  that  the  face  or  head  and 
the  limbs  usually  vary  together  in  general  proportions. 
Compare,  for  instance,  the  limbs  of  a  dray  and  race  horse,  or 
of  a  greyhound  and  mastiff.  What  a  monster  a  greyhound 
would  appear  with  the  head  of  a  mastiff  I  The  modem 
bulldog,  however,  has  fine  limbs,  but  this  is  a  recently-selected 
character.      From   the    measurements  given   in   the    sixth 

'  Natnralists   differ    with   respeci  i^ycenm  of  Mat.  Hist,  of  New  Tork/ 

to   the   homoiogiet  of  the  digits  of  vol.  z.,  1872,  p.  Itf. 
birds;   but  MTeral  uphold  the  view  *  A.    Walker    on    Interinarriagv, 

abore  adrancod.     See  on  this  subject  !  938,  p.  160. 
I^.  £.  S.  Morse   in  *  Annals  fi  tb* 
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chapter,  we  see  that  in  several  breeds  of  the  pigeon  the  length 
of  the  beak  and  the  size  of  the  feet  are  correlated.  The  view 
which,  as  before  explained,  seems  the  most  probable  is,  that 
disuse  in  all  cases  tends  to  diminish  the  feet,  the  beak 
becoming  at  the  same  time  shorter  throngh  correlation ;  bat 
that  in  some  few  breeds  in  which  length  of  beak  hap  l)een  a 
selocled  point,  the  feet,  notwithstanding  disuse,  have  increased 
in  size  through  correlation.  In  the  following  case  some  kind 
of  correlation  is  seen  to  exist  between  the  feet  and  beak : 
several  specimens  have  been  sent  to  Mr.  Bartlett  at  different 
times,  as  hybrids  between  ducks  and  fowls,  and  I  have  seen 
one ;  these  were,  as  might  be  expected,  ordinary  ducks  in  a 
Bcmi-monstrous  condition,  and  in  all  of  them  the  swimming- 
web  between  the  toes  was  quite  deficient  or  much  reduced, 
and  in  all  the  beak  was  narrow  and  ill-shaped. 

With  the  increased  length  of  the  beak  in  pigeons,  not  only 
the  tongue  increases  in  length,  but  likewise  the  orifice  of  the 
nostrils.  But  the  increased  length  of  the  orifice  of  the 
nostrils  perhaps  standn  in  closer  correlation  with  the  develop- 
ment of  the  corrugated  skin  or  wattle  at  the  base  of  the  beak, 
for  when  there  is  much  wattle  rofind  the  eyes,  the  eyelids  are 
greatly  increased  or  even  doubled  in  length. 

There  is  apparently  some  correlation  even  in  colour  between 
the  head  and  the  extremities.  Ilius  with  horses  a  large  white 
star  or  blaze  on  the  forehead  is  generally  accompanied  by  white 
feet.^  With  white  rabbits  and  cattle,  dark  marks  often 
co-exist  on  the  tips  of  the  ears  and  on  the  feet.  In  black 
and  tan  dogs  of  different  breeds,  tan -coloured  spots  over  the 
eyes  and  tan-coloured  feet  almost  invariably  go  together. 
These  latter  cases  of  connected  colouring  may  be  due  either 
to  reversion  or  to  analogous  variation, — subjects  to  which  I 
shall  hereafter  return, — but  this  does  not  necessarily  determine 
the  question  of  their  original  correlation.  Mr.  H.  W.  Jackson 
informs  me  that  he  has  observed  many  hundred  white-footed 
cats,  and  he  finds  that  all  are  more  or  less  conspicuously 
marked  with  white  on  the  front  of  the  neok  or  chest. 

*  <  The    Farrier    an4    Nataralist,'      me  that  about  three-fourths  of  white 
Tol.  i.,  1828,  p.  4o6.     A  {gentleman       faced  horses  have  white  tigs, 
vhc  hu  attended  to  this  point,  t«Ua 
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The  lopping  foi'wards  and  downwards  of  the  immense  ears 
of  fancy  rabbits  seoms  partly  due  to  the  disuse  of  the  muscles^ 
and  partly  to  the  weight  and  length  of  the  ears,  which  havo 
been  increased  by  selection  during  many  generations.  Now^ 
with  the  increased  size  and  changed  direction  ot  the  ears  not 
only  has  the  bony  auditory  meatus  become  changed  in  outline, 
direction,  and  greatly  in  size,  but  the  whole  skull  has  been 
slightly  modified.  This  could  be  clearly  seen  in  "  half-lops  *' 
— that  is,  in  rabbits  with  only  one  ear  lopping  foi-ward — for 
the  opposite  sides  of  their  skulls  were  not  strictly  83-mmetrical. 
This  seems  to  me  a  curious  instance  of  correlation,  between 
hard  bones  and  organs  so  *  soft  and  flexible,  as  well  as  bo 
unimportant  under  a  physiological  point  uf  view,  as  the 
external  ears.  The  result  no  doubt  is  largely  due  to  mere 
mechanical  action,  that  is,  to  the  weight  of  the  ears,  on  the 
same  principle  that  the  skull  of  a  human  infant  is  easily 
modified  by  pressure. 

The  skin  and  the  appendages  of  hair,  feathers,  hoofs,  hoiTis, 
and  teeth,  are  homologous  over  the  whole  body.  Every  one 
knows  that  the  colour  of  the  skin  and  that  of  the  hair  usually 
vary  together;  so  that  Virgil  advises  the  shepherd  to  look 
whether  the  mouth  and  tongue  of  the  ram  are  black,  le^t  the 
lambs  should  not  be  purely  white.  The  colour  of  the  skin 
and  hair,  and  the  odour  emitted  by  the  glands  of  the  skin, 
are  said  ^°  to  be  connected,  even  in  the  same  race  of  men. 
Generally  the  hair  varies  in  the  samo  way  all  over  the  body 
in  length,  fineness,  and  curliness.  The  same  rule  holds  good 
with  feathers,  as  we  see  with  the  laoed  and  frizzled  breeds 
both  of  fowls  and  pigeons.  In  the  common  cock  the  feathers 
on  the  neck  and  loins  are  always  of  a  particular  shape,  called 
hackles :  now  in  the  Polish  breed,  both  sexes  are  charactei  ised 
by  a  tuft  of  feathers  on  the  head,  and  through  correlation 
these  feathers  in  the  male  always  assume  the  form  of  hackles. 
The  wing  and  tail-feathers,  though  aribing  from  parts  not 
homologous,  vary  in  length  together ;  so  that  long  or  short 
winged  pigeons  generally  have  long  or  shoit  tails.  The  case 
of  the  Jacobin-pigeon  is  more  cunous,  for  the  wing  anil  tail 
feathei-s  are  remarkably  long ;  and  this  apparently  has  aritien 

"  Qvuron,  *  Sur  rE«pfec«,*  iitrn.  il.  p.  217. 
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in  oorrelation  with  the  el  ungated  and  reversed  feathers  on  the 
back  of  the  neck,  which  form  the  hood. 

The  hoofs  and  hair  are  homologous  appendages;  and  a 
careful  observer,  namely  Azara,^^  states  that  in  Paraguay 
horses  of  various  colours  are  often  bom  with  their  hair  curled 
and  twisted  like  that  on  the  head  of  a  negro.  This  peculiarity 
is  strongly  inherited.  But  what  is  remarkable  is  that  the 
hoofs  of  these  horses  **  are  absolutely  like  those  of  a  mule." 
The  hair  also  of  their  manes  and  tails  is  invariably  much 
shorter  than  usual,  being  only  from  four  to  twelve  inches  jn 
length ;  so  that  curliness  and  shortness  of  the  hair  are  here, 
as  with  the  negro,  apparently  correlated. 

With  respect  to  the  horns  of  sheep,  Youatt  ^^  remarks  that 
"  multiplicity  of  horns  is  not  found  in  any  breed  of  much  value; 
'^^  it  is  generally  accompanied  by  great  length  and  coarseness 
'*  of  the  fleece."  fcjeveral  tropical  breeds  of  sheep  which  are 
clothed  with  hair  instead  of  wool,  have  horns  almost  like 
those  of  a  goat.  Sturm  ^^  expressly  declares  that  in  different 
races  the  more  the  wool  is  curled  the  more  the  horns  are 
spirally  twisted.  We  have  seen  in  the  third  chapter,  where 
other  analogous  facts  have  lx>en  given,  that  the  parent  of  the 
Mauchamp  breed,  so  famous  for  its  fleece,  had  peculiarly 
shaped  horns.  The  inhabitants  of  Angora  assert.^''  that "  only 
"  the  white  goats  which  have  hoi*ns  wear  the  fleece  in  the 
'*  long  curly  locks  that  are  so  much  admired ;  those  which 
'*  are  not  hoimed  having  a  comparatively  close  coat."  Fiom 
these  cases  we  may  infer  that  the  hair  or  wool  and  the  horns 
tend  to  vary  in  a  correlated  manner."  Those  who  have  tried 
hydropathy  are  aware  that  the  frequent  application  of  cold 
water  stimulates  the  skin ;  and  whatever  stimulates  the  skin 


"  <  Quadruples  du  Paraguay,' 
torn.  ii.  p.  333. 

"  On  Sheep,  p.  142. 

*3  *  Ueber  Kacen,  Krcuzungen,*  &c., 
1825,  s.  24. 

"  Quotetl  from  Conoliy,  in  *The 
Indian  Field,'  Feb.  1859,  toU  ii.  d. 
266. 

"  In  the  third  chapter  I  have  said 
that "  the  hair  and  horns  are  so  cIom- 
t)r  xelated  to  each  oth«r,  that  they  arc 


apt  to  rary  together."  Dr.  Wilckens 
("  Darwin's  Theorie, "  *  Jahrbuch 
der  Deutschen  Viehzucht,'  1366,  1. 
Heft)  translates  my  words  into  ^  lang- 
und  grobhaarige  Thiere  sollen  ge- 
neigter  sein,  lange  und  viele  Horner 
zu  bckommen,"  and  he  then  justly 
disputes  this  proposition ;  but  what  I 
have  really  said,  in  accordance  wifh 
the  authorities  just  quoted,  may^  1 
think,  be  trostad. 
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tenda  to  iucreaAe  the  growth  of  the  hair,  as  is  well  shown  in 
the  abnormal  growth  of  hair  near  old  inflamed  surfaces. 
Now,  Professor  Luw^®  is  conyinced  that  with  the  different 
races  of  British  cattle  thick  hkin  and  long  hair  depend  on 
the  humidity  of  the  -climate  which  they  inhabit.  AVe  can 
thus  see  how  a  humid  climate  might  act  on  the  horns — in  the 
first  place  directly  on  the  skin  and  hair,  and  secondly  by 
correlation  on  the  horns.  The  pi-esence  or  absence  of  horns, 
moreover,  both  in  the  case  of  sheep  and  cattle,  acts,  as  will 
presently  be  shown,  by  some  sort  of  correlation  on  the  skull. 
With  respect  i/)  hair  and  teeth,  Mr.  Yarrell "  found  many 
of  the  teeth  deficient  in  three  hairless  **  Egyptian  dogs,'  and 
in  a  hairless  terrier.  The  incisors,  canines,  and  the  premolars 
suffered  most,  but  in  one  case  all  the  teeth,  except  tlie  large 
tubeieular  molar  on  each  side,  were  deficient.  With  man 
several  striking  cases  have  been  recorded  ^^  of  inherited  bald- 
ness with  inherited  deficiency,  either  complete  or  partial,  of 
the  teeth.  I  may  give  an  analogous  case,  communicated  to  me 
by  Mr.  W.  Wedderbum,  of  a  Hindoo  family  in  Scinde,  in  which 
ten  men,  in  the  course  of  four  generations,  were  furnished,  in 
both  jaws  taken  together,  with  only  four  small  and  weak 
incisor  teeth  and  with  eight  posterior  ^molars.  The  men  thus 
affected  have  very  little  hair  on  the  body,  and  become  bald 
early  in  life.  They  also  suffer  much  during  hot  weather  from 
excessive  dryness  of  the  skin.  It  is  remarkable  that  no 
instance  has  occurred  of  a  daughter  being  tbus  affected  ;  and 
this  fact  reminds  us  how  much  more  liable  men  aie  in  England 
to  become  bald  than  women.  T*hough  the  daughters  in  the 
above  family  are  never  affected,  they  transmit  the  tendency 
to  their  sons  ;  and  no  case  has  occurred  of  a  son  transmitting 
it  to  his  sons.  The  affection  thus  appears  only  in  alternate 
generations,  or  after  longer  intervals.  There  is  a  similar  con- 
nection between  hair  and  teeth,  according  to  Mr.  Sedgwick, 

**  *  Domesticated  Animals  of  th-  *^  <  Proceedings  Zoolog.  Soc.,'  1833 

Bi  iti«h  islands,'  pp.  307,  368.      br  p.  113. 

Wilckens  argues  (*  Landwirth.   Wo-  >■  Sedgwick,    '  Brit,   and    Foreigi 

chenblatt,'  Nr.  10,  1869)  to  the  same  Medico-Chirurg.  Reriew,' April,  18(^ 

effect  with  r«>«pect  to  domestic  imtmals  p.  463. 
ill  Crermaay. 
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in  thoee  rare  cases  in  which  the  hair  has  been  renewed  in  old 
age,  for  this  has  ''  usually  been  acoompaniod  by  a  renewal  of 
the  teeth."  I  have  remarked  in  a  former  part  of  this  volume 
'hat  the  great  reduction  in  the  size  of  the  tusks  in  domestic 
lK)ar8  probably  stands  in  close  relation  with  their  diminished 
bristles,  due  to  a  certain  amount  of  protection  ;  and  that  the 
reappearance  of  the  tusks  in  boars,  which  have  become  feral 
and  are  fully  exposed  to  the  weather,  probably  depends  on  the 
reappearance  of  the  bristles.  I  may  add,  though  not  strictly 
connected  with  our  present  point,  that  an  agricultuiist  ** 
asserts  that ''  pigs  with  little  hair  on  their  bodies  are  most 
'*  liable  to  lose  their  tails,  showing  a  weakness  of  the 
**  tegumental  structure.  It  may  be  prevented  by  crossing 
•*  with  a  more  hairy  breed." 

In  the  previous  oases  deficient  hair,  and  teeth  deficient  in 
numlor  or  size,  are  apparently  connected.  In  the  following 
cases  abnormally  redundant  hair,  and  teeth  either  deficient  or 
redundant,  are  likewise  connected.  Mr.  Crawfurd  ^^  saw  at 
the  Burmese  Court  a  man,  thirty  years  old,  with  his  whole 
body,  except  the  hands  and  feet,  covered  with  straight  silky 
hair,  which  on  the  shoulders  and  spine  w^as  five  inches  in 
lingth.  At  birth  the  ears  alone  were  covered.  He  did  not 
arrive  at  puberty,  or  shed  his  milk  teeth,  until  twenty  years 
old;  and  at  this  period  he  acquired  five  teeth  in  the  upper  jaw, 
namely,  four  incisors  and  one  canine  and  four  incisor  teeth  in 
the  lower  jaw ;  all  the  teeth  were  small.  This  man  had  a 
daughter  who  was  bom  with  hair  within  her  ears ;  and  the 
hair  soon  extended  over  her  body.  When  Captain  Yule^ 
visited  the  Court,  he  found  this  girl  grown  up;  and  she 
presented  a  strange  appearance  with  even  her  nose  densely 
uovered  with  soft  hair.  Like  her  father,  she  was  furnished 
with  incisor  teeth  alone.  The  King  had  with  difficulty 
bribed  a  man  to  marry  her,  and  of  her  two  children,  one,  a 
boy  fourteen  months  old,  had  hair  growing  out  of  his  ears, 
^'ith  a  beard  and  moustache.  This  strange  peculiarity  has, 
therefore,   been  inherited  for  three   generations,   with  the 

»•  *Gard.  Chronicle,*  1849,  p.  205.  «  'Kanatire  of  a  Misnioa  to  tht 

**  *  Embassy  to  the  Court  of  Ara,'      Court  of  Ara  in  1855,'  p.  94. 
roL  L  p.  320. 
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molar  teeth  deficient  in  the  grandfather  and  mother;  whether 
these  teeth  would  likewise  fail  in  the  infant  could  not  then 
be  told. 

A  parallel  case  of  a  man  fifty-five  years  old,  and  of  his  son, 
with  their  faces  covered  w  ith  hair,  has  recently  occurred  in 
Bussia.  Dr.  Alex.  Brandt  has  sent  mo  an  account  of  this 
case,  together  with  specimens  of  the  extremely  fine  hair 
from  the  cheeks.  I'he  man  is  deficient  in  teeth,  possessing 
only  four  incisors  in  the  lower  and  two  in  the  upper  jaw. 
His  son,  about  three  years  old,  has  no  teeth  except  four 
lower  incisors.  The  case,  as  Dr.  Brandt  remarks  in  his  letter, 
no  doubt  is  due  to  an  arrest  of  development  in  the  hair  and 
teeth.  We  here  see  how  independent  of  the  ordinary  con- 
ditions of  existence  such  arrests  must  be,  for  the  lives  of  a 
Russian  peasant  and  of  a  native  of  Burmah  are  as  different 
as  possibla^^ 

Here  is  another  and  somewhat  different  case  communicated 
to  me  by  Mr.  Wallace  on  the  authority  of  Dr.  Purland,  a 
dentist :  Julia  Pastrana,  a  Spanish  dancer,  was  a  remarkably 
fine  woman,  but  she  had  a  thick  masculine  beard  and  a 
hairy  forehead ;  she  was  photographed,  and  her  stuffed  skin 
was  exhibited  as  a  show ;  but  what  concerns  us  is,  that  she 
had  in  both  the  upper  and  lower  jaw  an  irregular  double  set 
of  teeth,  one  row  being  placed  within  the  other,  of  which  Dr. 
Purland  took  a  cast.  From  the  redundancy  of  teeth  her 
mouth  projected,  and  her  face  had  a  gorilla-like  appear-ance. 
These  cases  and  those  of  the  hairless  dogs  forcibly  call  to 
mind  the  fact,  that  the  two  orders  of  mammals— namely,  the 
Edentata  and  Cetaoea  —which  are  the  most  abnormal  in  their 
dermal  covering,  aj^  likewise  the  most  abnormal  either  by 
deficiency  or  redundancy  of  teeth. 

The  organs  of  sight  and  hearing  are  generally  admitted  to 
be  homologous  with  one  another  and  with  various  dermal 
appendages ;  hence  these  parts  are  liable  to  be  abnormally 
affected  in  conjunction.  Mr.  White  Cowper  says  "  that  in  all 
**  cases  of  double  microphthalmia  brought  under  his  notice  h« 

^  I  owe  to  the  kindness  of  M.       both  of  whom  have  since  been  «x« 
Chftuman,  of  St  Petersburg,  excellent       hibtted  in  Paris  and  London, 
photographs  of  tbia  man  and  his  son,  , 
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"  haa  at  the  same  time  met  with  defective  development  of 
**  the  dental  system.*'  Certain  forms  of  blindness  seem  to  be 
associated  with  the  colour  of  the  hair ;  a  man  with  black 
hair  and  a  woman  with  light-coloured  hair,  both  of  sound 
constitution,  married  and  had  nine  children,  all  :f  whom 
were  bom  blind;  of  these  children,  five  *'with  iark  hair 
and  brown  iris  were  afflicted  with  amaurosis;  the  four 
others,  with  light-coloured  hair  and  blue  iris,  had  amaurosiii 
and  cataract  conjoined."  Several  cases  could  be  given, 
■howing  that  some  relation  exists  between  various  affections 
of  the  eyes  and  ears ;  thus  Liebreich  states  that  out  of  241 
deaf-mutes  in  Berlin,  no  less  than  fourteen  suffered  from  the 
rare  disease  called  pigmentary  retinitis.  Mr.  White  Cowper 
and  Dr.  Earle  have  remarked  that  inability  to  distinguish 
different  colours,  or  colour-blindness,  ^  is  often  associated 
'*  with  a  corresponding  inability  to  distinguish  musicai 
•*  soundb.**  *• 

Here  is  a  more  curious  case :  white  cats,  if  they  have  blue 
e^-es,  are  almost  always  deaf.  I  formerly  thought  that  the 
rule  was  invariable,  but  I  have  heard  of  a  few  authentic  ex- 
ceptions. The  first  two  notices  were  published  in  1829,  and 
relate  to  English  and  Persian  cats  :  of  the  latter,  the  Rev.  W 
T.  Bree  possessed  a  female,  and  he  states,  *'  that  of  the  offspring 
'*  produced  at  one  and  the  same  birth,  such  as,  like  the  mother 
**  were  entii-ely  white  (with  blue  eyes)  were,  like  her,  invari 
"  ably  deaf;  while  those  that  had  the  least  speck  of  colour  on 
*'  their  fur,  as  invariably  possessed  the  usual  faculty  oi 
**  hearing."  '*  The  Bev.  W.  Darwin  Fox  informs  me  that  hi 
has  seen  more  than  a  dozen  instances  of  this  correlation  in 
Englitth,  Persian,  and  Danish  cats ;  but  he  adds  "  that,  if  one 


"  These  statemeoU  are  taken 
from  Mr.  Sedgwick,  in  the  *  Medico- 
Chirurg.  Review,'  Jnlj,  1861,  p. 
198;  April,  1663,  pp.  455  and  458. 
Ijebreich  is  quoted  by  Professor 
Deray,  in  his  ^Mariages  Consan- 
guiii»,'  1862,  p.  1 16. 

*«  Loudon's  '  Mag.  of  Nat.  Hist./ 
rol.  L,  1329,  pp.  66,  178.  /SmiIso 
l»n  P.  Lucas,  ^VHinid.  Nat.,'  torn.  i. 
^.  i28|  oa  the  inhentancc  of  deafness 


in  cats.  Mr.  Lawson  Tait  states 
0  Nature,'  1873,  p.  323)  thnt  only 
male  cats  are  thus  affected  ;  bat  this 
most  be  a  hasty  generalisation.  The 
first  case  recorded  in  England  br  Mr. 
Bree  related  to  a  female,  ana  Mr. 
Fox  informs  me  that  he  has  bred 
kittens  from  a  white  female  with 
blue  eyes,  which  was  completely  deaf; 
he  has  also  obserTed  other  females  in 
the  saOM  ccniitioD. 
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eye,  08  I  have  aeyeral  times  obaerred,  be  not  blue,  the  cat 
hears.  On  the  other  hand,  I  have  never  deen  a  white  cat 
with  eyes  of  the  oommon  colonr  that  was  deaf.*'  In  France 
Dr.  Sichel  ^  has  obeenred  during  twenty  years  similar  facta; 
he  adds  the  remarkable  case  of  the  iris  beginning,  at  the  oiid 
of  four  months,  to  grow  dark-coloured,  and  then  the  cat  first 
began  to  hear. 

This  case  of  correlation  in  cats  has  struck  many  persons 
as  marvellous.  There  is  nothing  unusual  in  the  relation  be* 
tween  blue  eyes  and  white  fur;  and  we  have  already  seen 
that  the  organs  of  sight  and  hearing  are  often  simultaneously 
affected.  In  the  present  instance  the  cause  probably  liee  in 
a  slight  arrest  of  development  in  the  nervous  system  in  oon« 
uection  with  the  sense-organs.  Kittens  during  the  first  nine 
days,  whilst  their  eyes  are  dosed,  appear  to  be  completely 
deaf ;  I  have  made  a  great  clanging  noise  with  a  poker  and 
shovel  close  to  their  heads,  both  when  they  were  asleep  and 
awake,  vdthout  producing  any  effect.  The  trial  must  not 
be  made  by  shouting  close  to  their  ears,  for  they  are,  evou 
when  asleep,  extremely  sensitive  to  a  breath  of  air.  Now,  as 
long  as  the  eyes  continue  closed,  the  iris  is  no  doubt  blue, 
for  in  all  the  kittens  which  I  have  seen  this  colour  remains 
for  some  time  after  the  eyelids  open.  Hence,  if  we  suppose 
the  development  of  the  organs  of  sight  and  hearing  to  be 
arrested  at  the  stage  of  the  closed  eyelids,  the  eyes  would 
remain  permanently  blue  and  the  ears  would  be  incapable  of 
perceiving  sound ;  and  we  should  thus  understand  this  curious 
case.  As,  however,  the  colour  of  the  fur  is  determined  long 
I  before  birth,  and  as  the  blueness  of  the  eyes  and  the  whiteness 
of  the  fur  are  obviously  connected,  we  must  believe  that  some 
primary  cause  acts  at  a  much  earlier  period. 

The  instances  of  coiTclated  variability  hitherto  given  have 
been  chiefly  drawn  from  the  animal  kingdom,  and  we  will 
now  turn  to  plants.  Leaves,  sepals,  petals,  stamen*«,  and 
pistils  are  all  homologous.  In  double  flowers  we  see  that 
the  stamens  and  pistils  vary  in  the  same  manner,  and  assume 
the  form  and  colour  of  the  petals.  In  the  double  columbine 
{Aquilegia  valganM)^  the  successive  whorls  of  stamens  are  con* 
'*  <ADDAles  dM  Sc.  S^t,*  Zoolog.,  3rd  senes,  1847,  torn.  viii.  p.  2:i9. 
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rerted  into  oornuoopias,  which  are  enclosed  within  one  another 
and  reeemble  the  true  petals.  In  hoee-in-hoee  flowera  the 
Bepalamock  the  petals.  In  some  cases  the  flowers  and  leaves 
vary  together  in  tint :  in  all  the  varieties  of  the  common  pea, 
which  have  purple  flowers,  a  purple  mark  may  be  seen  on 
the  stipules. 

M.  Faivre  states  that  with  the  varieties  of  Primula  iinenmg 
the  colour  of  the  flower  is  evidently  correlated  with  the  colour 
of  the  under  side  of  the  leaves ;  and  he  adds  that  the  varieties 
with  fimbriated  flowers  almost  always  have  voluminous, 
balloon-like  calyces.^*  With  other  plants  the  leaves  and  fruit 
or  seeds  vaiy  together  in  colour,  as  in  a  curious  pale-leaved 
variety  of  the  sycamore,  which  has  recently  been  described  in 
France,^'  and  as  in  the  purple-leaved  hazel,  in  which  the  leaves, 
the  husk  of  the  nut,  and  the  pellicle  round  the  kernel  ai-e  all 
coloured  purple.^^  Fomologists  can  predict  to  a  certain  extent, 
from  the  size  and  appearance  of  the  leaves  of  their  seedlings, 
the  probable  nature  of  the  fruit ;  for,  as  Van  Mons  remarks,^' 
variations  in  the  leaves  are  generally  accompanied  by  some 
modification  in  the  flower,  and  consequently  in  the  fniit.  In 
the  Serpent  melon,  which  has  a  narrow  tortuous  fruit  above  a 
yard  in  length,  the  stem  of  the  plant,  the  peduncle  of  the 
female  flower,  and  the  middle  lobe  of  the  leaf,  are  all  elon- 
gated in  a  remarkable  manner.  On  the  other  hand,  several 
varieties  of  Cucurbita,  which  have  dwarfed  stems,  all  pro- 
duce, as  Naudin  remarks,  leaves  of  the  same  peculiar  shape. 
Mr.  G.  Maw  informs  me  that  all  the  varieties  of  the  scarlet 
Felargoniums  which  have  contracted  or  imperfect  leaves  have 
contracted  flowers:  the  difierenoe  between  ** Brilliant"  and 
its  parent  '*  Tom  Thumb  "  is  a  good  instance  of  this.  It  may 
be  suspected  that  the  curious  case  described  by  Risso,^  of  a 
vaiiety  of  the  Orange  which  produces  on  the  young  shoots 
rounded  leaves  with  winged  petioles,  and  afterwards  elongated 
leaves  on  long  but  wingless  petioles,  is  connected  with  the 

^  <  Beroe  des  Conn  ScientifiqueB,'  stancM,  <  Des  VarMt^'  1865,  p.  72. 

June  5,  1869,  p.  430.  **  *  Arbres  Frnitien,'  1836,  torn.  ii. 

•''Gardener's    Chron.,*   1864,   p.  pp.  204,  226 

1002.  *«  *  AoaalM  do  UmUom,"  toin,  a«. 

•*  V^rlot  glTcs  s«rtra|  otliw  ia-  p.  188. 
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remarkable  change  in  form  and  nature  which  the  fruit  nnder- 
goes  daring  its  development. 

In  the  following  instance  we  have  the  colour  and  the  form 
of  the  petals  apparently  correlated,  and  both  dependent  on 
the  nature  of  the  season.  An  observer,  skilled  in  the  subject, 
writes,^^  "  I  noticed,  during  the  year  1842,  that  every 
**  Dahlia  of  which  the  colour  had  any  tendency  to  scarlet, 
"  was  deeply  notched — ^indeed,  to  so  great  an  extent  as  io 
'*  give  the  petab  the  appearance  of  a  saw ;  the  indentures 
*'  were,  in  some  instances,  more  than  a  quarter  of  an  inch 
**  deep."  Again,  Dahlias  which  have  their  petals  tipped 
with  a  different  colour  from  the  rest  of  the  flower  are  voiy 
inconstant,  and  during  certain  years  some,  or  even  all  the 
flowers,  become  uniformly  coloured ;  and  it  has  been  observed 
with  several  varieties,^^  that  when  this  happens  the  petals 
grow  much  elongated  and  lose  their  proper  shape.  This, 
however,  may  be  due  to  reversion,  both  in  colour  and  form, 
to  the  aboriginal  species. 

In  this  discussion  on  correlation,  we  have  hitherto  treated 
of  cases  in  which  we  can  partly  understand  the  bond  ot 
connection;  but  I  will  now  give  cases  in  which  we  can- 
not even  conjecture,  or  can  only  very  obscurely  see,  the 
nature  of  the  bond.  Isidore  GkK)ffroy  Saint- Hilaire,  in  his 
work  on  Monstrosities,  insists,  ^^  '*  que  certaines  anomalies 
*'  coexistent  rarement  entr'elles,  d^autres  frequemment,  d'autres 
enfin  presque  constamment,  malgr6  la  difference  tr^s-grande 
de  leur  nature,  et  quoiqu'elles  puissent  parattre  eompletemeiU 
"  indSpendantes  les  unes  des  antres."  We  see  something 
analogous  in  certain  diseases :  thus  in  a  rare  affection  of  the 
renal  capsules  (of  which  the  functions  are  unknown),  the 
skin  becomes  bronzed ;  and  in  hereditary  syphilis,  as  I  hear 
from  Sir  J.  Paget,  both  the  milk  and  the  sec^md  teeth 
assuiae  a  peculiar  and  characteristic  form.  Professor  Bol- 
leston,  also,  informs  me  that  the  incisor  teeth  are  sometimes 

*>  '  Gtfdencr'f    ChrooV   18^3,  p.  p.  402.    See  also  M.  Camille  I>ai«rt«, 

g77.  *"  Becherches  but  les  CondiUons,*  An^ 

-  Ibid.,  1845,  p.  102.  1863,  pp.  16, 48. 
••  <Hlst.  dtf  Aoomalies,'  torn.  iii. 
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furnished  with  a  Tascnlar  rim  in.  correlation  with  intra- 
pulmonary  deposition  of  tubercles.  In  other  cases  of  phthisis 
and  of  cyanosis  the  nails  and  finger-ends  become  clubbed  like 
acorns.  I  belieye  that  no  explanation  has  been  offered  of 
these  and  of  many  other  cases  of  correlated  disease. 

What  can  be  more  curious  and  less  intelligible  than  the 
fact  previously  given,  on  the  authority  of  Mr.  Tegetmeier, 
that  young  pigeons  of  all  breeds,  which  when  mature  have 
white,  yellow,  silver-blue,  or  dun-coloured  plumage,  come  out 
of  the  egg  almost  naked ;  whereas  pigeons  of  other  colours 
when  first  bom  are  clothed  with  plenty  of  down  ?  White 
Pea-fowls,  as  has  been  observed  both  in  England  and  France,^ 
and  as  I  have  myself  seen,  are  inferior  in  size  to  the  common 
coloured  kind;  and  this  cannot  be  accounted  for  by  the 
belief  that  albinism  is  always  accompanied  by  constitutional 
weakness;  for  white  or  albino  moles  are  generally  larger 
than  the  common  kind. 

To  turn  to  more  important  characters :  the  niata  cattle  of 
the  Pampas  are  remarkable  from  their  short  foreheads, 
upturned  muzzles,  and  curved  lower  jaws.  In  the  skull  the 
nasal  and  premaxillary  bones  are  much  shortened,  the 
maxil  lanes  are  excluded  from  any  junction  with  the  nasals, 
and  all  the  bones  are  slightly  modified,  even  to  the  plane  of 
the  occiput  From  the  analogous  case  of  the  dog,  hereafter 
to  be  given,  it  is  probable  that  the  shortening  of  the  nasal 
and  adjoining  bones  is  the  proximate  cause  of  the  other 
modifications  in  the  skull,  including  the  upward  curvature 
of  the  lower  jaw,  though  we  cannot  fallow  out  the  steps  by 
which  these  changes  have  been  effected. 

Polish  fowls  have  a  large  tuft  of  feathers  on  their  heads ; 
and  their  skulls  are  perforated  by  numerous  holes,  so  that  a 
]>in  can  be  driven  into  the  brain  without  touching  any  bone. 
11iat  this  deficiency  of  bone  is  in  some  way  connected  with 
the  tuft  of  feathers  is  clear  from  tufted  ducks  and  geese 
likewise  having  perforated  skulls.  The  case  would  probably 
be  considered  by  some  authors  as  one  of  balanccment  or 
compensation.     In  the  chapter  on  Fowls,  I  have  shown  that 

"*  Re7.  E.  S.  Dixon,  *  Ornamental  Geoffroy,  *  Hist.  Anomalies,'  torn.  i. 
PonltriV    1848,    p.     Ill;     Isidon      p.  211. 
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witli  Polish  fowls  t^o  tnft  of  feathers  was  probably  at  fir^t 
small;  by  oontinned  selection  it  became  larger,  and  then 
rested  on  a  fibrous  mass;  and  finally,  as  it  became  still 
larger,  the  skull  itself  became  more  and  more  protuberant 
until  it  acquired  its  present  extraordinary  structure.  Throngh 
correlation  with  the  protuberance  of  the  skull,  the  shape 
and  even  the  relative  connection  of  the  premaxillary  and 
nasal  bones,  the  shape  of  the  orifice  of  the  nostril»«,  the 
breadth  of  the  frontal  bone,  the  shape  of  the  post-lateral 
processes  of  the  frontal  and  squamosal  bonen,  and  the 
direction  of  the  bony  cavity  of  the  ear,  have  all  been 
modified.  The  internal  configuration  of  the  hkuU  and  the 
whole  shape  of  the  brain  have  likewise  been  altered  in  a 
truly  marvellous  manner. 

After  this  case  of  the  Polish  fowl  it  would  be  superfluous 
to  do  more  than  refer  to  the  details  previously  given  on  the 
manner  in  which  the  changed  form  of  the  comb  has  affected 
the  skull,  in  various  breeds  of  the  fowl,  causing  by  correlation 
crests,  protuberances,  and  depressions  on  its  surface. 

With  our  cattle  and  sheep  the  horns  stand  in  close  con- 
nection with  the  size  of  the  skull,  and  with  the  shape  of  the 
frontal  bones ;  thus  Cline^^  found  that  the  skull  of  a  homed 
ram  weighed  five  times  as  much  as  that  of  a  hornless  ram  of 
the  same  age.  When  cattle  become  hornless,  the  frontal 
bones  are  "materially  diminished  in  breadth  towards  the 

poll ; "  and  the  cavities  between  the  bony  platen  '*  are  not  so 

deep,  nor  do  they  extend  beyond  the  frontals."^^ 


It  may  be  well  here  to  pause  and  observe  how  the  effects  of 
correlated  variability,  of  the  increased  use  of  parts,  and  of  the 
accumulation  of  so-called  spontaneous  variations  through 
natural  selection,  are  in  many  cases  inextricably  commingled. 
We  may  borrow  an  illustration  from  Mr.  Herbert  Spencer,  who 
remarks  that,  when  the  Irish  elk  acquired  its  gigantic  horns, 
weighing  alK>ve  one  hundred  pounds,  numerous  co-ord  tnated 
changes  of  structure  would  have  been  indispensable, — ^namely, 
a  th'ckened  skull  to  cany  the  horns;  strengthened  cervical 

"  *  On  the  Breeding  of  Domestic  Animab,'  1829|  p  6. 
-  Youatt  OB  Cattle,  1834,  p.  283. 
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Tertobrce,  witk  Btrengthennd  ligaments;  enlarged  dorsal 
vertdbrte  to  support  the  nock«  with  powerful  fore-legs  and 
feet;  all  these  parts  being  supplied  with  proper  muscles, 
blood-Teasels,  and  nerves.  How  then  could  these  admirably 
oo-ordinated  modifications  of  stjruoture  have  been  acquired? 
According  to  the  doctrine  which  I  maintain,  the  horns  of  the 
ma^e  elk  were  slowly  gained  through  sexual  selection, — that 
is,  by  the  best-armed  males  conquering  the  worse-armed,  and 
leaving  a  greater  number  of  descendants.  But  it  is  not  at  all 
necessary  that  the  several  parts  of  the  body  should  have 
simultaneously  varied.  Each  stag  presents  individual  charao- 
teristics,  and  in  the  same  district  those  which  had  slightly 
heavier  horns,  or  stronger  necks,  or  stronger  bodies,  or  were 
the  most  courageous,  would  secure  the  greater  number  of 
does,  and  consequently  have  a  greater  number  of  offspring. 
The  oi&pring  would  inherit,  in  a  greater  or  less  d^^ree,  these 
same  qualities,  would  occasionally  intercross  with  one  another, 
or  with  other  individuals  varying  in  some  favourable  manner ; 
and  of  their  ofBspring,  those  which  were  the  best  endowed  in 
any  respect  would  continue  multiplying;  and  so  onwards, 
always  progressing,  sometimes  in  one  direction,  and  some- 
times in  another,  towards  the  excellently  co-ordinated  struc- 
ture  of  the  male  elk.  To  make  this  clear,  let  us  reflect  on 
the  probable  steps,  as  shown  in  the  twentieth  chapter,  by 
which  our  race  and  dray  horses  have  arrived  at  their  present 
state  of  excellence;  if  we  could  view  the  whole  series  of 
intermediate  forms  between  one  of  these  animals  and  an  early 
unimproved  progenitor,  we  shotdd  behold  a  vast  number  of 
animals,  not  equally  improved  in  each  generation  throughout 
their  entire  structure,  but  sometimes  a  little  more  in  one 
point,  and  sometimes  in  another,  yet  on  the  whole  gradually 
approaching  in  character  to  our  present  race  or  dray  horses, 
which  are  so  admirably  fitted  in  the  one  case  for  fleetness  and 
in  the  other  for  draught. 
Although  natural  selection  would  thus  ^^  tend  to  give  to 

"  Mr.  Herbert  Spencer  (*  Principles  **  faculties  mnltiplj,  and  as  f&^t  as 

•f  Piologj,'   1864,  vol.   i.   pp.   452,  *'  the  nnmber    of   organs    that  oo- 

468)  talces  a  different  riew ;  and  in  one  "operate    in    anj    given     function 

place  remarks :  **  We  hare  seen  reason  "increases,     indirect     equilibration 

"  to  think  that,  as  fast  as  essential  "  through  natural  selection  beomei 
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the  male  elk  its  present  stractare,  yet  it  is  probable  that  th€i 
inherited  effects  of  use,  and  of  the  mutual  action  of  part  oxr 
part,  have  been  equally  or  more  important.  As  the  Lorni 
gradually  increased  in  weight  the  muscles  of  the  neck,  with 
the  bones  to  which  they  are  attached,  would  increase  in  size 
and  streng^th ;  and  these  parts  would  react  on  the  body  and 
legs.  Nor  must  we  overlook  the  fact  that  certain  parts  of 
the  skull  and  the  extremities  would,  judging  by  analogy, 
tend  from  the  first  to  vary  in  a  correlated  manner.  I'he 
increased  weight  of  the  horns  would  also  act  directly  on  the 
skull,  in  the  same  manner  as  when  one  bone  is  removed  in 
the  leg  of  a  dog,  the  other  bone,  which  has  to  carry  the  whole 
weight  of  the  body,  increases  id  thickness.  But  from  tho 
fact  given  with  respect  to  homed  and  hornless  cattle,  it  is 
probable  that  the  horns  and  skull  would  immediately  act  on 
each  other  through  the  principle  of  correlation.  Lastly,  the 
growth  and  subsequent  wear  and  tear  of  the  augmented 
muscles  and  bones  would  require  an  increased  supply  of 
blood,  and  consequently  increased  supply  of  food ;  and  this 
again  would  require  increased  powers  of  mastication,  diges- 
tion, respiration,  and  excretion. 

Colour  M  Oorrdated  with  ConUUtUional  Peetdiaritiea, 

It  is  an  old  belief  that  with  man  there  is  a  connection 
between  complexions  and  constitution ;  and  I  find  that  some 
of  the  best  authorities  believe  in  this  to  the  present  day.^^ 
Thus  Dr.  Beddoe  by  his  tables  shows  ^'  that  a  relation  exists 
between  liability  to  consumption  and  the  colour  of  the  hair, 
eyes,  and  skin.  It  has  been  affirmed  ^®  that,  in  the  French 
army  which  invaded  Bu>sia,  soldiers  having  a  dark  complexion 
from  the  southern  parts  of  Europe,  withstood  the  intense 


**  less  and  lest  cupAble  of  producing  our    domesticated    qaodrnpeds    and 

"  specific  adaptations ;   and  remains  birds. 

^  fully  capable  only  of  maintaining  **  Dr.   Prosper   Lucas  apparently 

**  the  general  fitness  of  constitution  di»belieTes  in  any  such  connection ; 

«<  to    conditions."     This  view   that  '  L'H^r^.  Nat.,'  torn.  ii.  pp.  88-94. 

natural  selection  can    do    little   in  **  *  British  Medical  Jonmal,'  1862, 

modifying  the  higher  animals  sikr-  p.  433. 

prises  me,  seeing  tnat  man's  selection  ^  Bondin,    '  Q^gmph.   Medicals^' 

bir  andonhtcdljr  affected  rnnoh  with  torn.  L  p.  406. 
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cold  better  than  those  with  lighter  oomplexions  from  the 
north ;  but  no  doubt  such  btatemento  are  liable  to  error. 

In  the  aeoond  chapter  <m  Selection  I  have  given  several 
cases  proving  that  with  animals  and  plants  differences  in 
colour  are  correlated  with  ccmstitutional  differences,  as  shown 
by  greater  or  less  immunity  from  certain  diseases,  from  the 
attacks  of  parasitic  plants  and  animals,  from  scorching  by  the 
sun,  and  from  the  action  of  certain  poisons.  When  all  the 
individuals  of  any  one  variety  possess  an  immunity  of  this 
nature,  we  do  not  know  that  it  stands  in  any  sort  of  correlation 
with  their  colour;  but  when  several  similarly  coloured 
varieties  of  the  same  species  are  thus  characterised,  whilst 
other  coloured  varieties  are  not  thus  favoured,  we  must  believe 
in  the  existence  of  a  correlation  of  this  kind.  Thus,  in  the 
United  States  purple-fruited  plums  of  many  kinds  are  far 
more  affected  by  a  certain  disease  than  g^reen  or  yellow-fruited 
varieties.  On  the  other  hand,  yellow-fleshed  peaches  of 
various  kinds  suffer  from  another  disease  much  more  than  the 
white-fleshed  varieties.  In  the  Mauritius  red  sugar-canes 
are  much  less  affected  by  a  particular  disease  than  the  white 
canes.  White  onions  and  verbenas  are  the  most  liable  to 
mildew;  and  in  Spain  the  green- fruited  grapes  suffered  from 
the  vine-disease  more  than  other  coloured  varieties.  Dark- 
coloured  pelargoniums  and  verbenas  are  more  scorched  by  the 
sun  than  varieties  of  other  colours.  Bed  wheats  are  believed 
to  be  hardier  than  white :  and  red-flowered  hyacinths  were 
more  injured  during  one  particular  winter  in  Holland  than 
other  coloured  varieties.  With  animals,  white  terriers  suffer 
most  from  the  distemper,  white  chickens  from  a  parasitic 
worm  in  their  trachesd,  white  pigs  from  scorching  by  the  sun, 
and  white  cattle  from  flies ;  but  the  caterpillars  of  the  silk- 
moth  which  yield  white  cocoons  suffered  in  France  less  from 
the  deadly  parasitic  fungus  than  those  producing  yellow  silk. 

The  cases  of  immunity  from  the  action  of  certain  vegetable 
poisons,  in  connexion  with  colour,  are  more  interesting,  and 
are  at  present  wholly  inexplicable.  I  have  already  given  a 
remarkable  instance,  on  the  authority  of  Professor  Wyman,  of 
all  the  hogs,  excepting  those  of  a  black  colour,  suffering 
severely  in  Virginia  from  eating  the  root  of  the  LachnantheB 
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HnUaria.  According  to  Spinola  ttad  otken,^^  backwheat  (P^y- 
gonwn  fagopyrum),  when  in  flower,  is  highly  injurious  to  white 
or  white-spotted  pigs,  if  thej  are  exposed  to  the  heat  of  the 
sun,  but  is  quite  innocuous  to  black  pig^  According  to  two 
accounts,  the  Hypericum  erispum  in  Sicily  is  poisonous  to  white 
sheep  alone ;  their  heads  swell,  their  wool  falls  off,  and  they 
often  die ;  but  this  plant,  according  to  Lecce,  is  poisonous 
only  when  it  grows  in  swamps ;  nor  is  this  improbable,  as 
we  know  how  readily  the  poisonous  principle  in  plants  is 
influenced  by  the  conditions  under  which  they  grow. 

Three  accounts  have  been  published  in  Eastern  l^ssia,  of 
white  and  white- spotted  horses  being  greatly  injured  by 
eating  mildewed  and  honeydewed  vetches ;  every  spot  of  skin 
l)earing  white  hairs  becoming  inflamed  and  gangrenous.  The 
Eev.  J.  Rodwell  informs  me  that  his  father  turned  out  about 
fifteen  cart-horses  into  a  field  of  tares  which  in  parts  swarmei 
with  black  aphides,  and  which  no  doubt  were  honeydewed,  and 
probably  mildewed;  the  horses,  with  two  exceptions,  were 
chestnuts  and  bays  with  white  marks  on  their  faces  and 
pasterns,  and  the  white  parts  alone  swelled  and  became  angry 
scabs.  The  two  bay  horses  with  no  white  marks  entirely 
escaped  all  injury.  In  Guernsey,  when  horses  eat  fool's 
parsley  (JElhwa  cffnapium)  they  are  sometimes  violently 
purged;  and  this  plant  '*has  a  peculiar  effect  on  the  nose 
*'  and  lips,  causing  deep  cracks  and  ulcers,  particularly  on 
'*  horses  with  white  muzzles.""  With  cattle,  independently 
of  the  action  of  any  poison,  cases  have  been  published  by 
Youatt  and  Erdt  of  cutaneous  diseases  with  much  consti- 
tutional disturbance  (in  one  instance  after  exposure  to  a  hot 
sun)  affecting  every  single  point  which  bore  a  white  hair,  but 
completely  passing  over  other  parts  of  the  body.  Similar 
cases  have  been  observed  with  horses." 

*^  TLItf  fact  and  the  following  cases,  eating  buckwheat;   whilst  black  or 

when  not  stated  to  the  contrary,  are  dark-wooUed  individnals  are  not  in 

taken  from  a  very  carious  paper  br  the  least  affected. 

Prof.  Hensinger,   in   *  Wochenschrin  **  Mr.   Mogford,  in  the  'Yeteri* 

fiir  Heilkunde,'  May,  18-^6.  s.  277.  narian/  quoted  in  *The  Field,' Jan. 

Settcgaat  ('  ^^  Thierzacht,'  1868,  p.  22,  1861,  p.  545. 

39)  says  that  white  or  white-spotted  **  *  Edinburgh  Veterinary  Jonnudi 

■heep  suffer  like  pigt,  or  ayen  die  from  Oct.  1860,  p.  347. 
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We  thus  see  that  not  only  do  those  parts  of  the  skin  which 
bear  white  hair  differ  in  a  remarkable  manner  from  those 
bearing  hair  of  any  other  colour,  but  that  some  great  consti- 
tutional difference  must  be  correlated  with  the  colour  of  the 
hair:  for  in  the  above-mentioned  cases,  vegetable  poisons 
caused  fever,  swelling  of  the  head,  as  well  as  other  symptoms^ 
and  even  death,  to  all  the  white,  or  white-spotted  animals. 
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CHAPTEB  XXVL 
LAWS  or  7ABiATioMy  etmimmd  — soiui art. 

niE  FUSION  OF  HOMOLOOOCS  PART»— not  TABIABILITT  OF  KUhtTlM  AKD 
BOMOIjOOOUS  pasts — OOMPENSATIOir  OF  GBOWTH — ^MBCHAIQCAL  FBI8SUBI 
— RELATIVB  POSITION  OF  FtOWKM  WITH  RESPECT  TO  THE  AXIS,  AHD  OF 
SEEDS  IN  THE  OTABT,  AS  INDUCING  TABIATION — ANALOGOUS  OB  PASALLEli 
VARIETIES — SUMMARY  OF  THE  THREE  LAST  CHAPTERS. 

The  Fusion  of  Homologous  Parts. — Geofi^y  Saint-Hilaire 
formerly  propontided  what  he  called  la  loi  de  VaffiniU  de  sot 
pour  sot,  which  has  been  disctissed  and  illustrated  by  his  son, 
Isidore,  with  respect  to  monsters  in  the  animal  kingdom,^ 
and  by  Moqnin-Tandon,  with  respect  to  monstrous  plants. 
Ihis  law  seems  to  imply  that  homologous  parts  actually 
attract  one  another  and  then  unite.  No  doubt  there  are 
many  wonderful  cases,  in  which  such  parts  become  intimately 
fused  together.  This  is  perhaps  best  seen  in  monsters  with 
tvro  heads,  which  are  united,  summit  to  summit,  or  face  to 
&ce,  or  Janus^like,  back  to  back,  or  obliquely  side  to  side. 
In  one  instance  of  two  heads  united  almost  face  to  faoB,  but  a 
little  obliquely,  four  ears  were  developed,  and  on  one  side  a 
perfect  face,  which  was  manifestly  formed  by  the  fusion  of 
two  half-faces.  Whenever  two  bodies  or  two  heads  are 
united,  each  bone,  muscle,  vessel,  and  nerve  on  the  line  of 
junction  appears  as  if  it  had  sought  out  its  fellow,  and  had  be- 
come completely  fused  with  it.  Lereboullet,''*  who  carefully 
studied  the  development  of  double  monsters  in  fishes,  observed 
in  fifteen  instances  the  steps  by  whloh  two  heads  gradually 
became  united  into  one.  In  all  such  cases  it  is  now  thought 
by  the  greater  number  of  capable  judges  that  the  homolo* 
gous  parts  do  not  attract  each  other,  but  that  in  the  words 
of  Mr.  Lowne :  ^    *'  As  union  takes  place  before  the  differentia* 

>  <  Hist,  des  Anomalies,*  1832,  torn.  *  <  Catalogue  of  the  Teratologics) 

i.  p' .  22,  537-656 ;  torn.  iii.  p.  462.         Series  in  the  Museum  of  the  R.  Coll 
*    Comptes  Rendu>/  1857.  pp.  l<55,       of  Surgeons,*  1872.  p.  iru 
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tion  of  distinct  organs  ocean,  these  are  formed  in  continuity 
with  each  other.*'  He  adds  that  organs  already  differenti- 
ated probably  in  no  case  become  united  to  homologous  ones. 
M.  Dareste  does  not  speak^  quite  decisively  agAinst  the  law  of 
90%  pour  9oiy  but  concludes  by  saying,  *'  On  se  rend  parfaitement 
compte  de  la  formation  des  monstres,  si  Ton  admet  que  los 
embryons  qui  se  soudent  appartiennent  h  un  memo  ojuf ; 
^  qu'ils  s^unissent  en  m^me  temps  qu*ils  se  ferment,  et  que  la 
soudure  ne  se  produit  que  pendant  la  premiere  periode  de  la 
vie  embryonnaire,  celle  ou  les  organes  ne  sont  encore  con- 
*'  stitu^s  que  par  des  blast^mes  homog^nes." 

By  whatever  means  the  abnormal  fusion  of  homologous 
paits  is  effected,  such  cases  throw  light  on  the  frequent 
])resence  of  organs  which  are  doable  during  an  embryonic 
period  (and  throughout  life  in  other  and  lower  members  of  the 
same  class)  but  which  afterwards  unite  by  a  normal  process 
into  a  single  medial  organ.  In  the  vegetable  kingdom  Moquin- 
Tandon^  gives  a  long  list  of  cases,  showing  how  frequently 
homologous  parts,  such  as  leaves,  petals,  stamens,  and  pistils, 
flowers,  and  aggregates  of  homologous  parts,  such  as  buds, 
as  well  as  fruit,  become  blended,  both  normally  and  abnor- 
mally, with  perfect  symmetry  into  one  another. 

The  Variability  of  Multiple  and  Homologoui  Parts. — Isidore 
Geodroy^  insists  that,  when  any  part  or  organ  is  repeated 
many  times  in  the  same  animal,  it  is  particularly  liable  to 
vary  both  in  number  and  structure.  With  respect  to  number, 
the  proposition  may,  I  think,  be  considered  as  fully  estab- 
lished; but  the  evidence  is  chiefly  derived  from  organio 
beings  living  under  their  natural  conditions,  with  which  we 
are  not  here  concerned.  Whenever  such  parts  as  the  vertebra) 
or  teeth,  ihe  rays  in  the  flns  of  fishes,  or  the  feathers  in 
the  tails  of  birds,  or  petals,  stamens,  pistils,  or  seeds,  are  very 
numerous,  the  number  is  generally  variable.  With  respect  to 
the  structure  of  multiple  parts,  the  evidence  of  variability  is 
not  so  decisive ;  but  the  fact,  as  far  as  it  may  be  trusted, 

^  *  Archives deZoolog.  Ezp^.,' Jan.,  *  'Hist,   des  Anomalies,'  torn.  iii« 

1874,  p.  78.  pp.  4,  5,  6. 

*  ♦  Teratologie  Veg.,'  1841,  lirre  ill. 
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probably  depends  on  multiplo  parte  being  of  leas  physiological 
importance  than  single  parts;  consequently  their  stmctare 
has  been  less  rigorously  gvarded  by  natural  selection. 

Compentaiion  of  Chrowth^  or  Balancemeni, — This  law,  as 
applied  to  natural  species,  was  propounded  by  Goethe  and 
Geoffroy  Saint-Hilaire  at  nearly  the  same  time.  It  implies 
that,  when  much  organised  matter  is  used  in  building  up 
some  one  x)art,  other  parts  are  starred  and  become  reduced. 
Several  authors,  especially  botanists,  believe  in  this  law ; 
others  reject  it.  As  far  as  I  can  judge,  it  occasionally  holds 
good ;  but  its  importance  has  probably  been  exaggerated.  It 
is  scarcely  possible  to  distinguish  between  the  supposed 
effects  of  such  compensation,  and  the  elfects  of  long-continued 
selection  which  may  lead  to  the  augmentation  of  one  part, 
and  simultaneously  to  the  diminution  of  another.  Anyhow, 
there  can  be  no  doubt  that  an  organ  may  be  greatly  increased 
without  any  corresponding  diminution  of  an  adjoining  part. 
To  recur  to  our  former  iUm^ti-ation  of  the  Irish  elk,  it  may  be 
asked  what  part  has  suffered  in  consequence  of  the  immense 
development  of  the  horns  ? 

It  has  already  been  observed  that  the  struggle  for  existence 
does  not  bear  hard  on  our  domesticated  productions,  and  con- 
sequently the  principle  of  economy  of  growth  will  seldom 
come  into  play,  so  that  we  ought  not  to  expect  to  find  with 
them  frequent  evidence  of  compensation.  We  have,  however, 
some  such  cases.  Moquin-Tandon  describes  a  monstrous  bean,^ 
in  which  the  stipules  were  enormously  developed,  and  the 
leaflets  apparently  in  consequence  completely  aborted ;  this 
case  is  interesting,  as  it  represents  the  natural  condition  C'f 
Lnihyrus  aphaca^  with  its  stipules  of  great  size,  and  its  leaves 
reduced  to  mere  threads,  which  act  as  tendrils.  De  Can- 
dolle^  has  remarked  that  the  varieties  of  Raphantis  sativus 
which  have  small  roots  yield  numerous  seed  containing  much 
oil,  whilst  those  with  large  roots  are  not  productive  in  oil; 
and  so  it   is   with  Bramca  asperifolia.      The  varieties  of 

'  *T<««itologie  V^g.,'  p.  156.     See       1875,  p.  202. 
also  taj  book  on  *  1'he  Movements  and  *  '  M^moires    du    Museum/    kc^ 

U&bits  of  Climbing  Plants/  2ni  eiit,       torn,  riii  p.  178. 
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Cmcurbita  pepo  which  bear  large  fhiit  yield  a  small  crop, 
aooording  to  Naudin;  whilst  thoee  prodacing  small  fruit 
peld  a  vast  number.  Lautly,  I  have  endeavoured  to  show  in 
the  eighteenth  chapter  that  with  many  cultivated  plants 
unnatural  treatment  checks  the  full  and  proper  action  of  the 
reproductive  organs,  and  they  are  thus  rendered  more  or  less 
sterile ;  consequently,  in  the  way  of  compensation,  the  fruit 
becomes  greatly  enlarged,  and,  in  double  flowers,  the  petals 
are  greatly  increased  in  number. 

With  animals,  it  has  been  found  difficult  to  produce  cows 
which  yield  much  milk,  and  are  afterwards  capable  of  fatten- 
ing well.  With  fowls  which  have  large  top-knots  and  beards 
the  comb  and  wattles  are  generally  much  reduced  in  size ; 
though  there  are  exceptions  to  this  rule.  Perhaps  the  entire 
absence  of  the  oil-gland  in  fantail  pigeons  may  be  connected 
with  the  great  development  of  their  tails. 

Mechanical  Presture  (u  a  (JoMse  of  Mod%ficfUion». — In  some 
few  cases  there  is  reason  to  believe  that  mere  mechanical 
pressure  has  affected  certain  structures.  Yrolik  and  Weber' 
maintain  that  the  shape  of  the  human  head  is  influenced  by 
the  shape  of  the  mother's  pelvis.  The  kidneys  in  different 
birds  differ  much  in  form,  and  St.  Ange  ^®  believes  that  this 
is  determined  by  the  form  of  the  pelvis,  which  again,  no 
doubt,  stands  in  close  relation  with  their  power  of  locomotion. 
In  snakes,-  the  viscera  are  curiously  displaced,  in  comparison 
«vith  their  position  in  other  vertebrates ;  and  this  has  been 
attributed  by  some  authors  to  the  elongation  of  their  bodies  ; 
but  here,  as  in  so  many  previous  oases,  it  is  impossible  to 
disentangle  a  direct  result  of  this  kind  from  that  consequent ' 
OIL  natural  selection.  Godron  has  argued  ^^  that  the  abortion 
of  the  spur  on  the  inner  side  of  the  fl'^wfirR  in  Corydalis,  is 
caused  by  the  buds  at  a  very  early  period  of  growth  whilst 
underground  being  closely  pressed  against  one  another  and 
against  the  stem.  Some  botanists  believe  that  the  singular 
difference  in  the  shape  both  of  the  seed  and  corolla,  in  the 

*  Prichard,  <  Phjs.  H'ut.  of  Man-       Mries,  torn.  xiz.  p.  327. 
kind,'  1851,  toI.  i.  p.  324.  "  <  Comptes  Rendus,'  n«c.  1864,  iw 

^*  <  Annales    des    Sc     Nat,'    1st      1030. 
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interior  and  exterior  florets  in  oertun  Cknapofiitoiu  and 
Umbelliferooa  plants,  is  dne  to  the  preesnre  to  'which  the 
inner  florets  are  subjected ;  but  this  conclusion  is  doubtful. 

Thd  &ots  just  given  do  not  relate  to  domesticated  produc- 
tions, and  therefore  do  not  strictly  concern  us.  But  here  is 
a  more  appropriate  case:  H.  MQller^^  has  shown  that  in 
short&oed  races  of  the  dog  some  of  tlie  molar  teeth  are  placed 
in  a  slightly  diflferent  position  to  that  which  they  occupy 
in  other  dogs,  especially  in  those  having  elongated  muzzles ; 
and  as  he  remarks,  any  inherited  change  in  the  arrangement 
of  the  teeth  deserves  notice,  considering  their  dassilicatory 
importance.  This  di£ference  in  position  is  due  to  the  shorten- 
ing of  certain  facial  bones  and  the  consequent  want  of  space ; 
and  the  shortening  results  from  a  peculiar  and  abnormal  state 
of  the  embryonal  cartilages  of  the  bones. 

BeUUive  Pontion  of  Fhwer$  with  respect  to  ike  Axit,  and  of  SeeA 

in  the  Ovary,  at  indadng  Variation. 

In  the  tl  irteenth  chapter  various  peloric  flowers  were  described, 
and  their  production  was  shown  to  be  due  either  to  arrested 
development,  or  to  reversion  to  a  primordial  condition.  Moqain- 
Tandon  has  remarked  that  the  flowers  which  stand  <m  the  summit 
of  the  main  stem  or  of  a  lateral  branch  are  more  b'able  to  become 
peloric  than  those  on  the  sides ; "  and  he  adduces,  amongst  other 
instances,  that  of  Teucrium  campanulatum.  In  another  Labiate 
plant  grown  by  me,  vis.  the  Oaleobdolon  ItUeum,  the  peloric  flowers 
were  always  produced  on  the  summit  of  the  stem,  where  flowers  are 
not  usually  borne.  In  Pelargonium,  a  nngle  flower  in  the  truss  is 
frequently  peloric,  and  when  tnis  occurs  I  have  during  several  years 
invariably  observed  it  to  be  the  central  flower.  This  is  of  such 
frequent  occurrence  that  one  obecrrer^^  gives  the  names  of  ten 
varieties  flowering  at  l^e  same  time,  in  every  one  of  which  the 
central  flower  was  peloric.  Occasionally  more  than  one  flower  in 
the  truss  is  peloric,  and  then  of  course  the  additional  ones  must  be 
lateral.  These  flowers  are  interesting  as  showing  how  the  whole 
structure  is  correlated.  In  the  common  Pelargonium  the  upper 
sepal  is  produced  into  a  nectary  which  coheres  with  the  flower- 
peduncle;  the  two  upper  petals  differ  a  little  in  shape  from  the 
three  lower  ones,  and  are  marked  with  dark  shades  of  colour ;  the 
stamens  are  gi»dnated  in  length  and  upturned.    In  the  pelorio 


"  <<  Ueter  fbtale  Rachites," '  Worx-  »  <  T^rttologte  V^.,'  p.  192. 

barker  IMIcU.  ZtUaclinft,'  1860,  B.  ^*  <  Jounal  of  Horticalture,'  July 
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flawers,  the  nectary  aborts ;  all  the  petals  become  alike  both  m  shape 
acd  colonr;  the  stamens  are  generally  reduced  in  number  and 
become  straight,  so  that  the  whole  flower  resembles  that  of  the 
allied  genus  Erodium.  The  correlation  between  these  changes  is 
well  shown  when  one  of  the  two  upper  petals  alone  loses  its  dark 
mark,  for  in  this  case  the  nectary  ooes  not  entirely  abort,  but  is 
usually  much  reduced  in  length.^ 

Morren  has  described  ^*  a  marvellous  flask-shaped  flower  of  the 
Calceolaria,  nearly  four  inches  in  length,  which  was  almost  completely 
peloric ;  it  grew  on  the  summit  of  the  plant,  with  a  normal  flower 
on  each  side;  Prot  Westwood  also  has  described ^^  three  similar 
peloric  flowers,  which  all  occupied  a  central  position  on  the  flower- 
nranches.  In  the  Orchideous  genus,  Fhaltenopsis,  the  terminal 
flower  has  been  seen  to  become  peloric. 

In  a  Laburnum-tree  I  observed  that  about  a  fourth  part  of  the 
racemes  produced  terminal  flowers  which  had  lost  their  papilionaceous 
structure.  These  were  produced  after  almost  all  the  other  flowers 
on  the  same  racemes  had  withered.  The  most  perfectly  pelonsed 
examples  had  six  petals,  each  marked  vrith  black  stris  like  those  on 
'the  standard-petal.  The  keel  seemed  to  resist  the  change  more  than 
the  other  petals.  Dutrochet  has  described  ^  an  exactly  similar  case 
in  France,  and  I  believe  these  are  the  only  two  instances  of  pelorism 
in  the  laburnum  which  have  been  recorded.  Dutrochet  remarks 
that  the  racemes  on  this  tree  do  not  properly  produce  a  terminal 
flower,  80  that  (as  in  the  case  of  the  Galeobdolon)  their  position  as 
well  as  structui'e  are  both  anomalies,  which  no  doubt  are  in  some 
manoer  related.  Dr.  Masters  has  briefly  described  another  leguminous 

Slant,^'  namely,  a  species  of  clover,  in  which  the  uppermost  and  central 
owers  were  regular  or  had  lost  their  papilionaceous  structur& 
In  some  of  these  plants  the  flower-heads  were  also  proliferous. 

Lastly,  Linaria  produces  two  kinds  of  peloric  flowers,  one  having 
simple  petals,  and  the  other  having  them  all  spurred.  The  two 
forms,  as  Naudin  remarks,^  not  rarely  occur  on  the  same  plant,  but 
in  this  case  the  spurred  form  almost  invariably  stands  on  the 
summit  of  the  spike. 

The  tendency  in  the  terminal  or  central  flower  to  become  peloric 
more  frequently  than  the  other  flowers,  probably  results  from  "  the 
"  bud  which  stands  on  the  end  of  a  shoot  receiving  the  most  sap; 
"  it  grows  out  into  a  stronger  shoot  than  those  situated  loweir 


**  It  would  "be  worth  trial  to  fer- 
tilise with  the  same  pollen  the  central 
and  lateral  flowers  of  the  pelargo- 
nium, or  of  other  highly  cultirated 
plants,  protecting  them  of  course 
from  insects :  then  to  sow  the  seed 
separately,  and  observe  whether  the 
one  or  the  other  lot  of  seedlings 
Varied  the  most. 

^*  Quoted  ia  *  Journal  of  Horti- 


culture/ Feb.  24, 1863,  p.  152. 

"  *  Gardener's  Chronicle,'  1866,  p 
612.    For  the  Phalsnopsis,  »ee  ibid., 
1867,  p.  211. 

^  M^moires   •   •    des    V^g^taux,' 
1837,  torn.  ii.  p.  170. 

**  <  Journal  of  Horticulture,*  Julf 
23,  1861,  p.  31L 

^  'Nomrelles  Axehiveadv  Maatton^' 
torn.  L  p.  137. 
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"  down.'***  I  have  discussed  the  oonnection  between  pelorism  and 
m  oentral  position,  partly  because  some  few  plants  are  Imown  nor* 
mally  to  produce  a  terminal  flower  different  in  structure  from 
tho  lateral  ones;  but  chiefly  on  account  of  the  following  case,  in 
which  we  see  a  tendency  to  variability  or  to  reversion  connected 
with  the  same  position,  A  great  judge  of  Auriculas^  states  that 
when  one  throws  up  a  ^ide  bloom  it  is  pretty  sure  to  keep  its 
oharacter;  but  that  if  it  grows  from  the  centre  or  heart  of  tho 
plant,  whatever  the  colour  of  the  edging  ought  to  be,  "  it  is  just  aS 
"  likely  to  come  in  any  other  class  as  in  the  one  to  which  it  properly 
"  belongs.''  This  is  so  notorious  a  fact,  that  some  florists  regularly 
pinch  off  the  central  trasses  of  flowers.  Whether  in  the  highly 
improved  varieties  the  departure  of  the  central  trusses  from  &ek 
proper  type  is  due  to  reverbion,  I  do  not  know.  Mr.  Dombrain 
insists  that,  whatever  may  be  the  commonest  kind  of  imperfectioit 
in  each  variety,  this  is  generally  exaggerated  in  the  central  truss. 
Thus  one  variety  "  sometimes  has  the  fliult  of  producing  a  little 
'*  green  floret  in  the  centre  of  the  flower/'  and  in  central  blooms  these 
become  excessive  in  size.  In  some  central  blooms,  sent  to  me  by 
Mr.  Dombrain,  all  the  organs  of  the  flower  were  rudimentary  in 
structure,  of  minute  size,  and  of  a  green  colour,  so  that  by  a  little 
further  change  all  would  have  been  converted  into  small  leaves. 
In  this  case  we  clearly  see  a  tendency  to  proliflcation — a  term  which 
I  may  explain,  for  those  who  have  never  attended  to  botany,  to  mean 
the  production  of  a  branch  or  flower,  or  head  of  flowers,  out  of 
another  flower.  Now  Dr.  Masters  "  states  that  the  central  or  upper- 
most flower  on  a  plant  is  generally  the  most  liable  to  proliflcation* 
Thus,  in  the  varieties  of  the  Auricula,  the  loss  of  their  proper 
character  and  a  tendency  to  proliflcation,  also  a  tendency  to  pro- 
liKcation  with  pelorism,  are  all  connected  together,  and  are  due 
either  to  arrested  development,  or  to  reversion  to  a  former  condition. 

The  following  is  a  more  interesting  case ;  Metzger  ^  cultivated  in 
Grermany  several  kinds  of  maize  brought  from  the  hotter  parts  of 
America,  and  he  found,  as  previously  described,  that  in  two  or  three 
generations  the  grains  became  greatly  changed  in  form,  size,  and 
colour ;  and  with  respect  to  two  races  he  expressly  states  that  in 
the  first  generation,  whilst  the  lower  grains  on  each  head  retained 
their  proper  character,  the  uppermost  grains  already  began  to  assume 
that  character  which  in  the  third  generation  all  tho  grains  acquired. 
As  we  do  not  know  the  aboriginal  parent  of  the  maize,  we  cannot 
tell  whether  these  changes  are  in  any  way  connected  with  reversion. 

In  the  two  following  cases,  reversion  comes  into  play  and  is  de- 
termined by  the  position  of  the  seed  in  the  capsule.  The  Blue  Imperial 
pea  is  the  offspring  of  the  Blue  Prussian,  and  has  larger  seed  and 

«  Hugo  von  Mohl,  <The  VegetabU  1862,  April  29th,  p.  83. 

Cell,*  Eng.  tr.,  1852,  p.  76.  »  'Transact.  Linn.  Soc.,*  vol.  iiiii., 

»  The  Rev.  U.  H.   Dombrain,  in  1861,  p.  360 

Jonrnal  of  Hortictiltnre,'  1861,  June  ^  *  Die  Getroidearten,'  1845,  i.  308^ 

4tb,  p.  174)  and  Jnne  25tb,  p.  234 1  209. 
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broader  pods  than  its  parent.  Now  ICr.  Masters,  of  Canterbury,  a 
careful  obeenrer  and  a  raiser  of  new  Tarieties  of  the  pea,  states  ^ 
that  the  Blue  Imperial  alwa^rs  has  a  strong  tendency  to  revert  to 
its  pareni^tock,  and  the  rerenrion  ^ooears  in  this  manner:  the 
^'  last  (or  uppermost)  pea  in  the  pod  is  frequently  much  smaller 
^  than  the  rest ;  and  if  these  small  peas  are  carefully  collected  and 
**  sown  separately,  Tery  many  more,  in  proportion,  will  reyert  to 
''  their  origin,  than  those  taken  from  the  other  parts  of  the  pod." 
Again,  M.  Ghat^  **  says  that  In  nusing  seedling  stocks  he  succeeds 
in  getting  eighty  per  cent  to  bear  double  flowers,  by  leaving  only 
a  few  of  the  secondary  branches  to  seed ;  but  in  addition  to  thisT, 
**  at  the  time  of  extracting  the  seeds,  the  npper  portion  of  the  pod 
"  is  separated  and  placed  aside,  because  it  has  been  ascertained 
*'  that  tiie  plants  coming  from  the  seeds  situated  in  this  portion  of 
^*  the  pod,  giro  eighty  per  cent  of  single  flowers."  Now  the  pro- 
duction of  single-flowering  plants  from  the  seed  of  double-flowering 
plants  is  clearly  a  case  of  reversion.  These  latter  fiicts,  as  well  as 
the  connection  between  a  central  podtion  and  pelorism  and  pro- 
llflcation,  show  in  an  interesting  manner  how  small  a  difference^ 
namely,  a  little  greater  or  less  freedom  in  the  flow  of  sap  towards 
one  part  of  the  plant— determines  important  changes  of  structure. 

Analogous  or  Paralld  VariaHon. —  By  this  term  I  mean 
that  similar  characters  oooasionally  make  their  appearance 
in  the  seTeral  Tarioties  or  races  descended  from  the  same 
species,  and  more  rarely  in  the  offspring  of  widely  distinct 
species.  We  are  here  ooncemed,  not  as  hitherto  with  the 
causes  of  variation,  but  with  the  results ;  but  this  discussion 
could  not  have  been  more  oonveniently  introduced  elsewhere, 
llie  cases  of  analogous  variation,  as  far  as  their  origin  is 
concerned,  may  be  grouped,  disregarding  minor  subdivisions, 
nnder  two  main  heads ;  firstly,  those  duo  to  nnknown  causes 
acting  on  similarly  oonstituted  organisms,  and  which  con- 
sequently have  varied  in  a  similar  manner ;  and  secondly, 
those  due  to  the  reappearance  of  characters  which  were 
possessed  by  a  more  or  less  remote  progenitor.  But  these 
two  main  divisions  can  often  be  separated  only  oonjeo- 
turally,  and  graduate,  as  we  shall  presently  see,  into  each 
other. 

Under  the  first  head  of  analogous  variations,  not  due  \p  reversion, 
we  have  the  many  cases  of  trees  belonging  to  quite  different  orders 
which  have  produced  jpendubus  and  fastigate  varieties.    The  beecl^ 

*•  <Gird«er'0  Out^ukU,*  1850,  {i.  «  Qnoted  ia    Gbrdtatr't  Cli.aa., 

198.  1866,  p.  74. 
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hazel,  and  barberry  baTe  giyen  rise  to  purple-leaved  Tarieties;  and* 
as  Beimhardi  remarks,''  a  maltitade  of  plants,  as  distinct  as  poasibler' 
bave  yielded  varieties  with  deeply-cnt  or  laciniated  leaves.  Varieties 
descended  from  three  distinct  species  of  Brassica  have  their  stems, 
or  so-called  roots,  enlarged  into  globular  massea  The  nectarine  is 
the  oflGspring  of  tho  peach;  and  the  varieties  of  peaches  and 
nectarines  offer  a  remarkable  parallelism  in  the  fruit  being  white, 
red,  or  yellow  fleshed — ^in  being  clingstones  or  freestones — ^in  the 
flowers  being  large  or  small — ^in  the  leaves  being  serrated  or  crenated, 
furnished  with  globose  or  reniform  glands,  or  quite  destitute  of 
glands.  It  should  be  remarked  that  each  variety  of  the  nectarine 
has  not  derived  its  character  from  a  corresponding  variety  of  the 
peach.  The  several  varieties  also  of  a  closely  allied  genus,  namely 
the  apricot,  differ  from  one  another  in  nearly  the  same  parallel 
manner.  There  is  no  reason  to  believe  that  any  of  these  varieties 
have  merely  reacquired  long-lost  characters ;  and  in  most  of  them 
this  certainly  is  not  the  case. 

Three  species  of  Cucurbita  have  yielded  a  multitude  of  races 
which  correspond  so  closely  in  character  that,  as  Naudin  insists, 
they  maybe  arranged  in  almost  strictly  parallel  series.  Several 
varieties  of  the  melon  are  interesting  from  resembling,  in  important 
characters,  other  species,  either  of  the  same  genus  or  of  allied  genera  ; 
thus,  one  variety  has  fruit  so  lik<;,  both  externally  and  internally, 
the  fruit  of  a  perfectly  distinct  species,  namely,  the  cucumber,  as 
hardly  to  be  distinguished  from  it;  another  has  long  cyb'ndrical 
fruit  twisting  about  like  a  serpent ;  in  another  the  seeds  adhere  to 
portions  of  the  pulp;  in  another  the  fruit,  when  ripe,  suddenly 
cracks  and  falls  into  pieces ;  and  all  these  highly  remarkable 
peculiarities  are  characteristic  of  species  belonging  to  allied  genera^ 
We  can  hardly  account  for  the  appearance  of  so  many  unusual 
characters  by  reversion  to  a  single  ancient  form;  but  we  must 
believe  that  all  the  members  of  the  family  have  inherited  a  nearly 
similar  constitution  from  an  early  progenitor.  Our  cereal  and  many 
other  plants  offer  similar  cases. 

With  animals  we  have  fewer  cases  of  analogous  variation,  inde- 
pendently of  direct  reversion.  We  see  something  of  the  kind 
in  the  resemblance  between  the  short-muzzled  races  of  the  dog, 
such  as  the  pug  and  bull-dog;  in  feather-footed  races  of  the  fowl, 
pigeon,  and  canary-bird ;  in  liorses  of  the  most  different  races  pre* 
senting  the  same  range  of  colour ;  in  all  black-and-tan  dogs  having 
tan-coloured  eye-spots  and  feet,  but  in  this  latter  case  reversion 
may  possibly  have  played  a  part  Low  has  remarked  ^  that  Foveral 
breeds  of  cattle  are  *'  sheeted," — that  is,  have  abroad  band  of  white 
parsing  round  their  bodies  like  a  sheet ;  this  character  is  strongly 
inherited,  and  sometimes  originates  from  a  cross ;  it  may  be  the 
first  step  in  reversion  to  an  early  type,  for,  as  was  shown  in  the 


^  <  Ueber  itu  Begriff  der  Pflaazen-  **  ^  Domflsticated  AniroaU/  1842^ 

art,'  1834,  §,  14.  p.  351. 
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Ihizd  chapter,  white  cattle  with  dark  ears,  dark  feet  and  tip  of  tail, 
formerly  existed,  and  now  exibt  in  feral  or  semi-feral  condition  in 
•lyeial  quarters  of  the  world. 

Under  oar  second  main  diyision,  namely,  of  analogous  Tariations 
dne  to  reversion,  the  best  cases  are  afforded  by  pigeons.  In  all  the 
most  distinct  breeds,  sub-varieties  occasionally  appear  coloured 
exactly  like  the  parent  rock-pigeon,  with  black  wing-bar^,  white 
loins,  banded  tail,  Ac, ;  and  no  one  can  doubt  that  these  characters 
are  duo  to  reversion.  So  with  minor  details ;  turbits  properly  have 
white  tails,  but  occasionally  a  bird  is  bom  with  a  dark- coloured  and 
banded  tail;  pouters  properlv  have  their  primary  wing-feathers 
white,  but  not  rarely  a  "  sword-flighted  "  bird  appears,  that  is,  one 
with  the  few  first  primaries  dark-coloured ;  and  in  these  cases  we 
have  characters  proper  to  the  rock-pigeon,  but  new  to  the  breed, 
evidently  appearing  from  reversion.  In  some  domestic  varieties 
the  wing-bars,  instead  of  bein^  simply  black,  as  in  the  rock-pigeon, 
are  beautifully  edged  with  different  7x>nes  of  colour,  and  they  then 
present  a  striking  analogy  with  the  wing-bars  in  certain  natural 
species  of  the  same  family,  such  as  Phaps  ehalcoptera;  and  this 
may  probably  be  accounted  for  by  all  the  species  of  the  family 
being  descended  from  the  same  remote  progenitor  and  having  a  ten- 
dency to  vary  in  the  same  manner.  Thus,  also,  we  can  perhaps 
understand  the  fact  of  some  Laugher-pigeons  cooing  almost  like 
turtle-doves,  and  for  several  races  having  peculiarities  in  their 
flight,  since  certain  natural  species  (viz.,  Ctorquatrtxnudpalumhw), 
display  singular  vagaries  in  this  respect.  In  other  cases  a  race, 
instead  of  imitating  a  distinct  species,  resembles  some  other  race ; 
thus,  certain  runts  tremble  and  slightly  elevate  their  tails,  like  fan* 
tails ;  and  turbits  inflate  the  upper  part  of  their  oasophagus,  like 
poutoi^pigeons. 

It  is  a  common  circumstance  to  find  certain  coloured  marks  per« 
sistently  characterising  all  the  species  of  a  genus,  but  differing  much 
in  tint ;  and  the  same  thing  occurs  with  the  varieties  of  the  pigeon  : 
thus,  instead  of  the  general  plumage  being  blue,  with  the  wing-bars 
black,  there  are  snow-white  varieties  with  rod  bars,  and  black  varie- 
ties with  white  bars ;  in  other  varieties  the  wing-bars,  as  we  have 
seen,  are  elegantly  zoned  with  different  tints.  The  Spot  pigeon  is 
characterised  bj  the  whole  plumage  being  white,  excepting  a  spot 
on  the  forehead  and  the  tail ;  but  these  paris  may  be  red,  yellow,  or 
black.  In  the  rock-pigeon  and  in -many  varieties  the  tail  is  blue, 
with  the  outer  edges  of  the  outer  feathers  white ;  but  in  the  sub- 
variety  of  the  monk-pigeon  we  have  a  reversed  style  of  coloration, 
for  the  tail  is  white,  except  the  outer  edges  of  the  outer  feathers, 
which  are  black.** 

With  some  species  of  birds,  for  instance  with  gulls,  certain 
coloured  paris  appear  as  if  almost  washed  out,  and  I  have  observed 
exactly  the  same  appearance  in  the  terminal  dark  tail-bar  in  certain 


»  Btehstein, '  Natnrgeschichte  DentschUads/  Band  ir.,  1795,  s.  31. 
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pigeons,  and  in  the  whole  plumage  of  certain  varieties  of  the  dock. 
Analogous  facts  in  the  yegetable  kingdom  could  be  given. 

Mbhj  snb-varietiee  of  the  pigeon  have  reversed  and  somewhat 
lengthened  feathers  on  the  back  port  of  their  heads,  and  this  is 
certainly  not  due  to  reversion  to  the  parent^species^  which  shows 
no  trace  of  such  structure :  but  when  we  remember  that  sub-varie- 
ties of  the  fowl,  turkey,  canary-bird,  duck,  and  goose,  all  have  either 
topknots  or  reversed  feathers  on  their  heads ;  and  when  we  remember 
that  scarcely  a  single  lange  natural  group  of  birds  can  be  named,  in 
which  some  members  have  not  a  tuft  of  feathers  on  their  heads,  we 
may  suspect  that  reversion  to  some  extremely  remote  {otjx\  has 
come  into  action. 

Several  breeds  of  the  fowl  have  either  spangled  or  pencilled 
feathers;  and  these  cannot  be  derived  from  the  parent- species,  the 
OuUuH  bankiva ;  though  of  course  it  is  possible  that  one  early  pro- 
genitor of  this  species  may  have  been  spsngled,  and  another  pen- 
cilled. But,  as  many  gallinaceous  birds  are  either  spangled  or  pen- 
cilled, it  is  a  more  probable  view  that  the  several  domestic  breeds 
of  the  fowl  have  acquired  this  kind  of  plumage  from  all  the 
members  of  the  family  inheriting  a  tendency  to  vary  in  a  liko 
manner.  The  same  principle  may  account  for  the  ewes  in  certain 
breeds  of  sheep  being  hornless,  like  the  females  of  some  other 
hollow-homed  ruminants ;  it  may  account  for  certain  domestic  cats 
having  slightly-tufted  ears,  like  those  of  the  lynx ;  and  for  the  skulls 
of  domestic  rabbits  often  differing  litun  one  another  in  the  same 
characters  by  which  the  skulls  of  the  various  species  of  the  genus 
Lepus  differ. 

I  will  only  allude  to  one  other  case,  already  discussed.  Now 
that  we  know  that  the  wild  parent  of  the  ass  commonly  has  striped 
1q9B,  we  may  feel  confident  tnat  the  occasional  appearance  of  stripes 
on  the  1^8  of  the  domestic  ass  is  due  to  reversion ;  but  this  will  not 
account  for  the  lower  end  of  the  shoulder-stripe  being  sometimes 
angularly  bent  or  slightly  forked.  So,  again,  when  we  seen  dun 
and  other  coloured  horses  with  stripes  on  the  spine,  shoulders,  and 
legs,  wo  are  led,  from  reasons  formerly  given,  to  believe  that  tliey 
reappear  through  reversion  to  the  wild  parent-horse.  But  when 
horses  have  two  or  three  shoulder-stripes,  with  one  of  them  occa- 
sionally forked  at  the  lower  end,  or  when  they  have  stripes  on  their 
faces,  or  are  faintly  strii)ed  as  foals  over  nearly  their  whole  bodies, 
with  the  stripes  angularly  bent  one  under  the  other  on  the  fore- 
head, or  irregularly  branched  in  other  parts,  it  would  be  rash  to 
attribute  such  diversified  characters  to  the  reappearance  of  those 
proper  to  the  aboriginal  wild  horse.  As  three  African  species  of 
the  genus  are  much  striped,  and  as  we  have  seen  that  the  crossing 
of  the  unstriped  species  often  leads  to  the  hybrid  o&pring  being 
conspicuously  striped — bearing  also  in  mind  that  the  act  of  crossing 
certunly  causes  the  reappearance  of  long-lost  characters— it  is 
a  more  probable  view  that  the  above-specified  stripes  are  due  to 
reversion,  not  to  the  immediate  wild  parent-horse,  but  to  the  striped 
progenitor  of  the  whole  genus. 
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I  hftTe  disoiifised  thiB  subject  of  analogoos  yariatioii  at  <xm* 
■Iderable  length,  because  it  is  well  known  that  the  varieties 
of  one  species  frequently  resemble  distinct  species — a  fact  in 
perfect  harmony  with  the  foregoing  cases,  and  explicable  on 
the  theory  of  descent.  Secondly,  because  these  facts  are 
important  from  showing,  as  remarked  in  a  former  chapter, 
that  each  trifling  variation  is  governed  by  law,  and  is  deter- 
mined in  a  mnch  higher  degree  by  the  nature  of  the  organi- 
sation, than  by  the  nature  of  the  conditions  to  which  the 
varying  being  has  been  exposed.  Thirdly,  because  these  facts 
are  to  a  certain  extent  related  to  a  more  general  law,  namely, 
that  which  Mr.  B.  D.  Walsh ^  has  called  the  ''Law  of 
Equable  VariaUlity"  or,  as  he  explains  it,  '* if  any  given  cha- 
*'  racter  is  very  variable  in  one  species  of  a  gronp,  it  will  tend 
'*  to  be  variable  in  allied  species ;  and  if  any  given  character 
**  is  perfectly  constant  in  one  species  of  a  gronp,  it  will  tend 
**  to  be  constant  in  allied  species." 

This  leads  me  to  recall  a  discussion  in  the  chapter  on 
Selection,  in  which  it  was  shown  that  with  domestic  races, 
which  are  now  undergoing  rapid  improvement,  those  parts 
or  characters  vary  the  most,  which  are  the  most  valued. 
This  naturally  follows  from  recently  selected  characters  con- 
tinually tending  to  revert  to  their  former  less  improved 
standard,  and  from  their  being  still  acted  on  by  the  same 
agencies,  whatever  these  may  be,  which  first  caused  the  cha-* 
racters  in  question  to  vary.  The  same  principle  is  applicable 
to  natural  spedes,  for,  as  stated  in  my  '  Origin  of  Species,' 
generic  characters  are  less  variable  than  specifio  characters  t 
and  the  latter  are  those  which  have  been  modified  by  varia- 
tion and  natural  selection,  since  the  period  when  all  the 
species  belonging  to  the  genus  branched  off  from  a  common 
progenitor,  whilst  generic  characters  are  those  whioh  have 
remained  unaltered  from  a  much  more  remote  epoch,  and  ac* 
oordingly  are  now  leas  variable.  This  statement  makes  a 
near  approach  to  Mr.  Walsh*s  law  of  Equable  Variability. 
Secondary  sexual  characters,  it  may  be  added,  rarely  serve  to 
characterise  distinct  genera,  for  they  usually  differ  much  in 
the  species  of  the  same  genus,  and  they  are  highly  variable 

*•  *  Proc  EBtomolog.  Soc.  of  PhiUdelphim,'  Oct  1863,  p.  213. 
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in  the  indiyidtiaLi  of  the  same  speoies ;  we  liave  also  seen  ic 
the  earlier  chapters  of  thifl  work  how  variable  aecoiidarj  sexual 
characters  become  under  domestiGation. 

Summary  of  (he  three  prenout  Cfkaptere  on  tie  Laws  of  VaricUion, 

.  In  the  twenty-third  chapter  we  saw  that  changed  con- 
ditions occasionally,  or  even  often,  act  in  a  definite  manner 
on  the  organisation,  so  that  all,  or  nearly  all,  the  individuals 
thus  exposed  become  modified  in  the  same  manner.  Bnt 
a  far  more  frequent  result  of  changed  conditions,  whether 
acting  directly  on  the  organisation  or  indirectly  through  the 
reproductive  system,  is  indefinite  and  fluctuating  variability. 
In  the  three  last  chapters,  some  of  the  laws  by  which  such 
variability  is  regulated  have  been  discussed. 

Increased  use  adds  to  the  size  of  muscles,  together  with 
the  blood-vessels,  nerves,  ligaments,  the  crests  of  bone  and 
the  whole  bones,  to  which  they  are  attached.  Increased 
functional  activity  increases  the  size  of  various  glands,  and 
strengthens  the  sense-organs.  Increased  and  intermittent 
pressure  thickens  the  epidermis.  A  change  in  the  nature  of 
the  food  sometimes  modifies  the  coats  of  the  stomach,  and 
augments  or  decreases  the  length  of  the  intestines.  Continued 
disuse,  on  the  other  hand,  weakens  and  diminishes  all  parts 
of  the  organisation.  Animals  which  daring  many  generations 
have  taken  but  little  exercise,  have  their  lungs  reduced  in 
size,  and  as  a  consequence  the  bony  fabric  of  the  chest  and 
the  whole  form  of  the  body  become  modi6ed.  With  our 
anciently  domesticated  birds,  the  wings  have  been  little  used, 
and  they  are  slightly  reduced ;  with  their  decrcHse,  the  crest 
of  the  sternum,  the  soapobe,  ooracoids,  and  furculum,  have  all 
been  reduced. 

With  domesticated  animals,  the  reduotion  of  a  part  from 
disuse  is  never  carried  so  far  that  a  mere  rudiment  is  left ; 
whereas  we  have  reason  to  believe  that  this  has  often  occurred 
under  nature ;  the  efiects  of  disuse  in  this  latter  ca.<e  being 
aided  by  economy  of  growth,  together  with  the  intercrossing 
of  many  varying  individuals,  llie  cause  of  this  difference 
between  organisms  in  a  state  of  nature,  and  under  domestica* 
tion,  probably  ia  that  in  the  latter  case  there  has  not  been 
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time  sufficient  for  any  Tery  great  change,  and  that  the 
principle  of  economy  of  growth  does  not  come  into  action. 
On  the  contrary,  structures  which  are  rudimentary  in  the 
parent-species,  sometimes  become  partially  redeveloped  in  our 
domesticated  productions.  Such  rudiments  as  occasionally 
make  their  appearance  under  domestication,  seem  always  to 
be  the  result  of  a  sudden  arrest  of  development ;  nevertheless 
they  are  of  interest,  as  showing  that  rudiments  are  the  relics 
of  organs  once  perfectly  developed. 

Corporeal,  periodical,  and  mental  habits,  though  the  latter 
have  been  almost  passed  over  in  this  work,  become  changed 
under  domestication,  and  the  changes  are  often  inherited. 
Such  changed  habits  in  an  organic  being,  especially  when 
living  a  free  life,  would  often  lead  to  the  augmented  or 
diminished  use  of  various  organs,  and  consequently  to  their 
modification.  From  long-continued  habit,  and  more  especi- 
ally from  the  occasional  birth  of  individuals  with  a  sL'ghtly 
different  constitution,  domestic  animals  and  cultivated  plants 
become  to  a  certain  extent  acclimatised  or  adapted  to  a 
climate  different  from  that  proper  to  the  parent-species. 

Through  the  pnnciple  of  correlated  variability,  taken  in 
its  widest  sense,  when  one  part  varies  other  parts  vary,  either 
simultaneously,  or  one  after  the  other.  Thus,  an  organ  modi- 
fied during  an  early  embryonic  peiiod  affects  other  parts 
subsequently  developed.  When  an  organ,  such  as  the  beak, 
increases  or  decreases  in  length,  adjoining  or  correlated  parts, 
as  the  tongue  and  the  orifice  of  the  nostrils,  tend  to  vary  in  the 
same  manner.  When  the  whole  body  increases  or  decreases 
in  size,  various  parts  beoome  modified ;  thus,  with  pigeons 
the  ribs  increase  or  decrease  in  number  and  breadth.  Homo- 
logous parts  which  are  identical  during  their  early  develop- 
ment and  are  exposed  to  similar  conditions,  tend  to  vary 
in  the  same  or  in  some  connected  manner,— as  in  the  case  of 
the  right  and  left  sides  of  the  body,  and  of  the  front  and 
hind  limbs.  So  it  is  with  the  organs  of  sight  and  hearing ; 
for  instance,  white  cats  with  blue  eyes  are  almost  always 
deaf.  There  is  a  manifest  relation  throughout  the  body  be- 
tween the  skin  and  various  dermal  appendages,  such  as  hair, 
feathers,  hoofs,  horns,  and  teeth.    In  Paraguay,  horses  vritk 
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ourly  hair  have  hoofs  like  those  of  a  mule ;  the  wool  and  the 
homB  of  sheep  often  vary  together ;  hairless  dogs  are  deficient 
in  their  teeth ;  men  with  redundant  hair  have  abnormal  teeth, 
either  bj  deficiency  or  excess.  Birds  with  long  wing-feathers 
usually  have  long  tail-feathers.  When  long  feathers  grow 
from  the  outside  of  the  legs  and  toes  of  pigeons,  the  two 
outer  toes  are  oonnected  by  membrane;  for  the  whole  leg 
tends  to  assume  the  structure  of  the  wing.  There  is  a  mani- 
fest relation  between  a  crest  of  feathers  on  the  head  and  a 
marvellous  amount  of  change  in  the  skull  of  various  fowls  : 
and  in  a  lesser  degree,  between  the  greatly  elongated,  lopping 
ears  of  rabbits  and  the  structure  of  their  skulls.  With  plants, 
the  leaves,  Tarious  parts  of  the  flower,  and  the  fruit,  often 
vary  together  to  a  correlated  manner. 

In  some  cases  we  find  correlation  without  being  able  even 
to  conjecture  what  is  the  nature  of  the  connection,  as  with 
Tarious  monsti*oeitios  and  diseases.  This  is  likewise  the  case 
with  the  colour  of  the  adult  pigeon,  in  connection  with  the 
presence  of  down  on  the  young  bird.  Numerous  curious 
instances  have  been  given  of  peculiarities  of  constitution, 
in  correlation  with  colour,  as  shown  by  the  immunity  of 
individuals  of  one  colour  from  certain  diseases,  from  the 
attacks  of  parasites  and  from  the  action  of  certain  vegetable 
poisons. 

Correlation  is  an  important  subject ;  for  with  species,  and 
in  a  lesser  degree  with  domestic  races,  we  continually  find 
that  certain  parts  have  been  greatly  modified  to  serve  some 
useful  purpose;  but  we  almost  invariably  find  that  other 
parts  have  likewise  been  more  or  less  modified,  without  our 
being  able  to  discover  any  advantage  in  the  change.  No 
doubt  great  caution  is  necessary  with  respect  to  this  latter 
point,  for  it  is  difficult  to  overrate  our  ignorance  en  tlu) 
use  of  various  parts  of  the  organisation ;  but  from  what  we 
have  seen,  we  may  believe  that  many  modifications  are  of  no 
direct  service,  having  arisen  in  correlation  vdth  other  and 
useful  changes. 

Homologous  parts  during  their  early  development  often 
become  fused  together.  Multiple  and  homologous  organs 
are  especially  liable  to  vary  in  number  and  probably  in 
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form.  As  the  supply  of  organised  matter  is  not  anlimitcd, 
the  principle  of  compensation  sometimes  oomes  into  action ; 
80  that»  when  one  part  is  greatly  developed,  adjoining  parts 
are  apt  to  be  reduced ;  but  this  principle  is  probably  of  much 
less  importance  than  the  more  general  one  of  the  economy 
of  growth.  Through  mere  mechanical  pressure  hard  parts 
occasionally  affect  adjoining  parts.  With  plants  the  position 
of  the  flowers  on  the  axis,  and  of  the  seeds  in  the  ovary,  some- 
times leads,  through  a  more  or  Jess  free  flow  of  sap,  to  changes 
of  structure ;  but  such  changes  are  often  due  to  reversion. 
Modiflcations,  in  whatever  manner  caused,  will  be  to  a  certain 
extent  regulated  by  that  co-ordinating  power,  or  so-called 
nuwformaticHtf  which  is  in  fact  a  remnant  of  that  simple  form 
of  reproduction,  displayed  by  many  lowly  organised  beings  in 
their  power  of  fissiparons  generation  and  budding.  Finally, 
the  effects  of  the  laws  which  directly  or  indirectly  govern 
variability,  may  be  largely  regulated  by  man's  selection,  and 
will  so  far  be  determined  by  natni-al  selection  that  changes 
advantageous  to  any  race  will  be  favoured,  and  disadvan- 
tageous changes  will  be  checked. 

Domestic  races  descended  from  the  same  species,  or  from 
two  or  more  allied  species,  are  liable  to  revert  to  characters 
derived  from  their  common  progenitor ;  and,  as  they  inherit 
a  somewhat  similar  oonstitution,  they  are  liable  to  vary 
in  the  same  manner.  From  these  two  causes  analogous 
varieties  often  arise.  When  we  reflect  on  the  several  fore- 
going laws,  imperfectly  as  we  understand  them,  and  when 
we  bear  in  mind  how  much  remains  to  be  discovered,  we  need 
not  be  surprised  at  the  intricate  and  to  us  unintelligiblo 
mariner  in  which  our  domestic  productions  ha^e  varied,  and 
still  gc  on  varying. 
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PROrtSIONAL  HYPOTHESIS  OP  PANOXmBHS. 
fKOiyaXAKY  BSM ABXS— FIBST  PABT  :— /TBI  FACn  TD  Bl  WHtlMUfrtD  vjnysM 

A  axQiM  wan  or  tisw,  n ambi.t,  ths  tabious  kutds  or  repboduo 

TIOl^^BB-OBOWTH  OF  AMFCTATBD  PABT»— OBATT-HYBBID*— THE  DIBECT 
A(rriON  OF  THB  MALE  ELBMEKT  OB  THE  FEMALE— l>ErELOPlIEBT — THB 
FlNCn027AL  INDEPEMDBMOE  of  tUE  ITBlTB  OF  THB  BODY — tABlABlLiTT 
— ilfHEBlTABCB — BEVBBSIOK. 
MKOSny  PABT : — STATEMEKT  OF  THB  BTFOTBEnB— BOW  FAB  TBE  BBCEiBABY 
AaSVMPnOBS  ABB  IMPBOBABLB— EXPLAMATIOB  BY  AID  OF  THE  HYPOTHESIS 
OF  THB  8BYBBAL  CLASBEB  OF  FACTB  aPBClFlBD  DT  THE  FiBST  PABT-^ 
(.t>MCLU8I0N. 

Ix  the  prerioOB  chapters  large  chuBses  of  facta,  such  as  those 
bearing  on  bud-variation,  the  various  forms  of  inheritance,  the 
causes  and  laws  oi  variation,  have  been  discussed ;  and  it  is 
obvious  that  these  subjects,  as  vrell  as  the  several  modes  of 
reproduction,  stand  in  some  sort  of  relation  to  one  another.  I 
have  been  led,  or  rather  forced,  to  fbim  a  view  which  to  a 
certain  extent  connects  these  facts  by  a  tangible  method. 
Every  one  would  wish  to  explain  to  himself,  even  in  an 
imperfect  manner,  how  it  is  possible  for  a  character  possessed 
by  some  remote  ancestor  suddenly  to  reappear  in  the  of&pring ; 
how  tlie  effects  of  increased  or  decreased  use  of  a  limb  can  bo 
transmitted  to  the  child ;  how  the  male  sexual  element  can 
act  not  solely  on  the  ovules,  but  ocoasionally  on  the  mother- 
form  ;  how  a  hybrid  can  be  produced  by  the  union  of  the 
cellular  tissue  of  two  plants  independently  of  the  organs  of 
generation ;  how  a  limb  can  be  reproduced  on  the  exact  line 
of  amputation,  with  neither  too  much  nor  too  little  added ; 
how  the  same  organism  may  be  produced  by  such  widely 
different  processes,  as  budding  and  true  seminal  generation  ; 
and,  lastly,  how  of  two  allied  forms,  one  passes  in  the  course  of 
its  development  through  the  most  complex  metamorphoses, 
and  the  other  does  not  do  so,  though  when  mature  both  are 
alike  in  every  detail  of  structure.  I  am  aware  that  my 
view  is  merely  a  provisional  hypothesis  or  speculation ;  but 
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nntil  a  better  one  be  advanced,  it  will  serve  to  bring  together 
a  multitude  of  facts  which  are  at  present  left  disconnected  by 
any  efficient  cause.  As  Whewell,  the  historian  of  the  inductive 
sciences,  remarks  : — "  Hypotheses  may  often  be  of  service  to 
**  science,  when  they  involve  a  certain  portion  of  incomplete- 
"  ness,  and  even  of  error."  Under  this  point  of  view  I  venture 
to  advance  the  hypothesis  of  Pangenesis,  which  implies  that 
every  separate  part  of  the  whole  organisation  reproducefl 
itself.  So  that  ovules,  spermatozoa,  and  pollen-grains,— the 
fertilised  egg  or  seed,  as  well  as  buds, — include  and  consist  of 
a  multitude  of  germs  thrown  off  from  each  separate  part  or 
unit.^ 

In  the  First  Part  I  will  enumerate  as  briefly  as  I  can  the 
groups  of  facts  which  seem  to  demand  connection ;  but  oertain 


'  This  hypoiliesis  has  been  Mverely 
criticised  by  many  writers,  and  it 
will  be  fair  to  give  references  to  the 
more  important  articles.  The  best 
essay  which  I  have  seen  is  by  Prof. 
Delpino,  entitled  'Sulla  Larwiniana 
Teoria  della  Pangenesi,  1869/  of 
which  a  translation  appeared  in 
« Scientific  Opinion,'  Sept.  29,  1869 
and  the  sacceediug  numbers.  He 
rejects  the  hypothesis,  but  criticises 
it  fairly,  and  1  have  found  his  criti- 
cisms very  useful.  Mr.  Mivart 
('Genesis  of  Species,'  1871,  chap.  X.) 
follows  Delpino,  but  adds  no  new 
objections  of  any  weight.  Dr.  Bastian 
0  The  Beginnings  of  Life,'  1872,  vol.  ii. 
p.  98)  says  that  the  hypothesis  "  looks 
"  like  a  r<tlic  of  the  old  rather  than  a 
**  fitting  appanage  of  the  new  evolu- 
'*  tion  philosophy."  He  shows  that  I 
ought  not  to  have  used  the  term 
^  pangenesis,"  as  it  had  been  previously 
used  by  Dr.  Gros  in  another  sense. 
Dr.  Uonel  Beale  (*  Nature,'  May  11, 
1871,  p.  26)  sneers  at  the  whole  doc- 
trine with  much  acerbity  and  some 
j  nstice.  Prof.  Wigand  (*  Schrifteu  der 
Gesell.  der  gesammt.  Naturwissen.  lu 
Marburg,'  Bd.  ix.,  1870)  considers  the 
hypothesis  as  unscientific  snd  worth* 
less.  Mr.  G.  H.  Lewes  ('  Fortnightly 
Review,'  Nov.  1,  18GB,  p.  503)  se«ms 
Co  consider  that  it  iii«y  be  nseftii :  he 


wakes  many  good  criticisms  in  a  per* 
fectly  fair  spirit.  Mr.  F.  Galton,  n(Ur 
describing  his  valuable  experiments 
('  Proc  Royal  Soc'  vol.  six.  p.  393)  on 
the  intertransfusion.  of  the  blood  of 
distinct  varieties  of  the  rabbit,  ood« 
eludes  by  saying  that  in  his  opinion 
the  results  negative  beyond  all  doubt 
the  doctrine  of  Pangenesis.  He  in- 
forms me  that  subsequently  to  the 
publication  of  his  paper  he  continued 
his  experiments  on  a  still  larger  scale 
for  two  more  generations,  without 
any  sign  cf  mongrelism  showing  itself 
in  the  very  numerous  offspring.  I 
certainly  should  have  expected  that 
gemmules  would  have  been  present  iA 
the  blood,  but  this  is  no  necessary 
part  of  the  hypothesis,  which  man^ 
festly  applies  to  plants  and  the  lowest 
animalL  Mr.  Galton,  in  a  letter  to 
<  Nature  '(April  27, 1871,  p.  502^  also 
criticises  various  incorrect  expression! 
used  by  me.  On  the  other  handy 
several  writers  have  spoken  favour* 
ably  of  'the  hypothesis,  but  there 
would  be  no  use  in  giving  referenooe 
to  their  articles.  1  may,  however, 
refer  to  Dr.  Ross*  work,  *The  Graft 
Theory  of  Disease ;  being  an  applicft- 
cation  of  Mr.  Darwin's  hypothesis  of 
Pangenesis,'  1872,  as  he  gives  several 
original  and  ingenious  dascussions. 
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subjects,  not  hitherto  dbjostsed,  must  be  treated  at  di8pro}x>r* 
tionate  length.  In  the  beoond  Part  the  hypothesis  will  be 
given ;  and  after  considering  how  far  the  necessary  assump- 
tions are  in  themselves  improbable,  we  shall  see  whether  it 
iei-ves  to  bring  under  a  single  point  of  view  the  various  facta. 

Part  1. 

Beproduction  may  be  divided  into  two  main  classes,  namely 
sexual  and  asexual.  The  latter  is  effected  in  many  ways — 1^ 
the  formation  of  buds  of  various  kinds,  and  by  fissiparous 
generation,  that  is  by  spontaneous  or  artificial  division.  Jt  is 
notoiiouB  that  some  of  the  lower  animals,  when  cut  into  many 
pieces,  rejiroduce  so  many  perfect  individuals :  Lyonnet  cut  a 
Nais  or  fiesh  water  worm  into  nearly  forty  pieces,  and  these 
all  reproduced  perfect  animals.^  It  is  probable  that  segmen- 
tation could  be  carried  much  further  in  some  of  the  protozoa ; 
and  with  some  of  the  lowest  plants  each  cell  will  reproduce 
the  parent-form.  Johannes  Muller  thought  that  there  was  an 
important  distinction  between  gemmation  and  fission  ;  for  in 
the  latter  case  the  divided  portion,  however  small,  is  more 
fully  developed  than  a  bud,  which  also  is  a  younger  formation ; 
but  most  physiologists  are  now  con  v^inced  that  the  two  processes 
are  essentially  alike.^  Prof.  Huxley  remarks,  "  fission  is  little 
**  more  than  a  peculiar  mode  of  budding,"  and  Prof.  H.  J. 
Clark  shows  in  detail  that  there  is  sometimes  "  a  compro* 
**  mise  between  self-division  and  budding."  When  a  limb 
is  amputated,  or  when  the  whole  body  is  bisected,  the  cut 
extremities  are  said  to  bud  forth  ;  ^  and  as  the  papilla,  which 
is  first  formed,  consists  of  undeveloped  cellular  tissue  like 
that  forming  an  ordinary  bud,  the  expression  is  apparently 
oorrect.    We  see  the  connection  of  the  two  processes  in 


'  Quoted  by  Paget,  'Lectures  on 
Pathology,'  1853,  p.  159. 

'  Dr.  Lachmann,  also,  observes 
('  Aknals  and  Mag.  of  Nat.  History/ 
2nd  series,  70I.  xix.,  1857,  p.  231) 
■¥ith  respect  to  infosoria,  that  "  fissa- 
"  tion  and  gemmation  pass  into  each 
**  other  almost  imperceptibly."  Again, 
Mr.  W.  C.  Minor  ('  Annals 'and  Mag. 
of  Nat.  Hist./  Old  series,  roi  zi  p. 


328)  shows  that  with  Annelids  the 
distinction  that  has  been  made  be« 
tween  fission  and  budding  is  not  a 
fundamental  one.  Sec,  also,  Pro- 
fessor Clark's  work, '  Mind  in  Nature,' 
New  York,  1865,  pp.  62,  91. 

*  See  Bonnet.  '(Euvres  dUist 
Nat.,'  tom.  T.,  1781,  p.  339,  fot 
remarks  on  the  budding-out  of  tho 
amputatod  limbo  of  SaUunaiideu. 
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anutiier  way;  for  Trembley  oboerved  with  the  hydm,  that 
the  reprodnctioii  of  the  head  after  amputation  w$w  diecked  aa 
BOOH  as  the  animal  pat  forth  reprodvoiive  gemm«».* 

Between  the  pTodn<^ion,  by  fbniparoiis  generation,  of  two 
er  more  complete  individuals,  and  the  repair  of  even  a  very 
slight  injury,  there  Is  so  perfect  a  gradation,  that  it  is 
impossible  to  doubt  that  the  two  processes  are  connected.  As 
at  each  stage  of  growth  an  amputated  part  is  replaced  by  one 
in  the  same  state  of  development,  we  must  also  follow  Sir  J. 
Paget  in  admitting,  **  that  the  powers  of  development  from  the 
embryo,  are  identical  with  those  exercised  for  the  restora- 
tion fh>m  injuries :  in  other  words,  that  the  powers  are  the 
same  by  which  perfection  is  first  achieved,  and  by  which, 
**  when  lost,  it  is  recovered."  •  Finally,  we  may  conclude 
that  the  several  forms  of  budding,  fissiparous  generation,  the 
repair  of  injuries,  and  development,  are  all  essentially  the 
results  of  one  and  the  same  power. 

Sexual  GefieraiwH.^The  union  of  the  two  sexual  elements 
aeems  at  first  sight  to  make  a  broad  diistinction  between 
aexual  and  asexual  generation*  But  the  conjugation  of 
alg<B,  by  which  process  the  contents  of  two  colls  unite  into  a 
single  mass  capable  ot  development,  apparently  gives  us  the 
first  step  towards  sexual  union:  cmd  Pringsheim,  in  his 
memoir  on  the  pairing  of  Zoospores,^  shows  that  conjugation 
graduates  into  true  sexual  reproduction.  Horeover,  the  now 
well-ascertained  cases  of  Parthenogenesis  prove  that  the 
distinction  between  sexual  and  asexual  generation  is  not 
nearly  so  great  as  was  formerly  thought ;  for  ova  occasion- 
ally, and  even  in  some  cases  frequently,  become  developed  into 
perfect  beings,  without  the  oonoourse  of  the  male.  With 
most  of  the  lower  animals  and  even  with  mammals,  the  ova 
show  a  trace  of  parthenogenetic  power,  for  without  being 
feitilised  they  pass  through  the  first  stages  of  s^mentatiou.'* 
Nor  can  ps-eudova  which  do  not  need  fertilisation,  be  dis- 

•  Paget,  *LectarM  m  Pathology,'      bold,  *'Ueber  Parthenogenesia,''  «Sit 
1653,  p.  luS.  sung  der  math.  pJijs.ClaMe.'  Munich, 

•  Ibid.,  ]>p.  152,  164.  Nor.  4th,  1871,  p.  240.     See  also  Q«i> 
'  Tnnslated  in  *  Annait  aad  Hag.       trefages,  ^Annales  das  Sc  Nat  Zoolog., 

«f  Nat.  Hist.,'  April,  1670,  p.  272.  6ni  Seriea,  1850,  p.  1S& 

•  fiiichoff,  as  ^MUd  h/  ron  Sia* 
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tingoisbed  from  true  ova,  as  was  first  shown  by  Sir  J. 
Lubbock,  and  is  now  admitted  by  Siebold.  So,  again,  the 
germ-balls  in  the  larv»  of  Ceoidomyia  are  said  by  Lenckart  * 
t.0  be  formed  within  the  ovarium,  but  they  do  not  require  to 
be  fertilised.  It  should  also  be  ol)eeryed  that  in  sexual 
generation,  the  ovules  and  the  male  element  have  equal  power 
of  transmitting  every  single  character  possessed  by  either 
parent  to  their  offspring.  We  see  this  clearly  when  hybrids 
are  paired  inter  «e,  for  the  characters  of  both  grandparents 
often  appear  in  the  progeny,  either  perfectly  or  by  segments. 
It  is  an  error  to  suppose  that  the  male  transmits  certain 
characters  and  the  female  other  characters;  although  no  doubt, 
from  unknown  causes,  one  sex  sometimes  has  a  much  stronger 
power  of  transmission  than  the  other. 

It  has,  however,  been  maintained  by  some  authors  that  a 
bud  differs  essentially  from  a  fertilised  germ,  in  always  re- 
producing the  perfect  character  of  the  parent-stock ;  whilst 
fertilised  germs  give  birth  to  variable  beings.  But  there  is 
no  such  broad  dihtinction  as  this.  In  the  eleventh  chapter 
numerous  cases  were  advanced  showing  that  buds  occasionally 
grow  into  plants  having  quite  new  characters;  and  the 
varieties  thus  produced  can  be  propagated  for  a  length  of 
time  by  buds,  and  occasionally  by  seed.  Nevertheless,  it  must 
be  admitted  that  beings  produced  sexually  are  much  more 
liable  to  vary  than  those  produced  asexually ;  and  of  this  fact 
a  partial  explanation  will  hereafter  be  attempted.  The 
variability  in  both  cases  is  determined  by  the  same  general 
causes,  and  is  governed  by  the  same  laws.  Hence  now 
varieties  arising  from  buds  cannot  be  distinguished  from 
those  arising  from  seed.  Although  bud- varieties  usually 
retain  their  character  during  successive  bud-generations,  yet 
they  occasionally  revert,  even  after  a  long  series  of  bud- 
generations,  to  their  former  character.  This  tendency  to 
reversion  in  buds,  is  one  of  the  most  remarkable  of  the  several 
points  of  agreement  between  the  offspring  from  bud  and 
seminal  reproduction. 

But  there  is  one  difference  between  organisms  produced 

*  *  On  the  Asexual  Reproduction  of      *  Annals    and   Mng.  of   Nat.  His^ 
Cecidomyida    LaxTs,'   transiatad    m      March,  1866,  pp.  167,  171. 
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Mxnally  and  asexnally,  which  is  rery  general.  The  former 
paas  in  the  course  of  their  development  from  a  very  low  stage 
to  their  highest  stage,  as  we  see  in  the  metamorphoses  of  insects 
and  of  many  other  animals,  and  in  the  concealed  metamorphoses 
of  the  vertebrata.  Animals  propagated  asexnally  by  buds 
or  fission,  on  the  other  hand,  commence  their  development  at 
that  stage  at  which  the  budding  or  self-4ividing  animal  may 
happen  to  be,  and  therefore  do  not  pass  through  some  of  the 
lower  developmental  stages.*®  Afterwards,  they  often  advance 
in  organisation,  as  we  see  in  the  many  cases  of  **  alternate 
generation."  In  thus  speaking  of  alternate  generation,  I 
follow  those  naturalists  who  look  at  this  process  as  essentially 
one  of  internal  budding  or  of  fissi parous  generation.  Some 
of  the  lower  plants,  however,  such  as  mosses  and  certain  algae, 
according  to  Dr.  L.  Radlkofer,"  when  propagated  asexnally,  do 
undergo  a  retrogressive  inetamor[>hosi6.  As  far  as  the  final 
cause  is  oonoemed,  we  can  to  a  certain  extent  understand  why 
beings  propagated  by  buds  should  not  pass  through  all  the 
early  stages  of  development;  for  with  each  organism  the 
structure  acquired  at  each  stage  must  be  adapted  to  its 
peculiar  habits ;  and  if  there  are  places  for  the  support  of  many 
individuals  at  some  one  stage,  the  simplest  plan  will  be  that 
they  should  be  multiplied  at  this  stage,  and  not  that  they 
should  first  reti'ograde  in  their  development  to  an  earlier  or 
simpler  structure,  which  might  not  be  fitted  for  the  then 
surrounding  conditions. 

From  the  several  foregoing  considerations  we  may  conclude 
that  the  difference  between  sexual  and  asexual  generation 
is  not  nearly  so  great  as  at  first  appears ;  the  chief  difference 
being  that  an  ovule  cannot  continue  to  live  and  to  be  fully 
developed  unless  it  unites  with  the  male  element ;  but  even 
this  difference  is  far  from  invariable,  as  shown  by  the  many 
cases  of  parthenogenesis.  We  are  therefore  naturally  led  to 
inquire  what  the  final  cause  can  be  of  the  necessity  in 

'*  Prof.  Allman  speaks  (*  Transact.  **  of  sooids,  that  no  retrogression  erer 

R.  doc  of  Edinburgh,'  vol.  zzTi.,  1870,  "  takes  place  in  the  series." 
p.  102)  decisively  on  this  heail  with  '*  *  Annals  and  Mag.  of  Nat.  Hist./ 

ntspect  to  the  Hydroida:  he  says,  "It  2nd  series,  rol.  ix.,   I?o7,  pp.  l&j^ 

**  la  a  unirersal  law  in  the  snccession  4  55 
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ordinary  generation  for  the  coucotirse  of  the  two  sexnal 
elements. 

Seeds  and  ova  are  often  highly  serviceable  as  the  means  of 
disseminating  plants  and  animals,  and  of  preserving  them 
during  one  or  more  seasons  in  a  dormant  state;  but  nn- 
impregnated  seeds  or  ova,  and  detached  buds,  would  be  equally 
serviceable  for  both  purposes.  We  can,  however,  indicate 
two  important  advantages  gained  by  the  concourse  of  the 
two  sexes,  or  rather  of  two  individuals  belonging  to  opposite 
sexes;  for,  as  I  have  shown  in  a  former  chapter,  the  structure 
of  every  organism  appears  to  be  especially  adapted  for  the 
concurrence,  at  least  occasionally,  of  two  individuals.  When 
species  are  rendered  highly  variable  by  changed  conditiouH 
of  life,  the  free  intercrossing  of  the  varying  individuals 
tends  to  keep  each  form  fitted  for  its  proper  place  in  nature  ; 
and  crossing  can  be  efiected  only  by  sexual  generation ;  but 
whether  the  end  thus  gained  is  of  sufficient  importance  to 
account  for  the  first  origin  of  sexual  intercourse  is  extremely 
doubtful.  Secondly,  I  have  shown  from  a  large  body  of 
facts,  that,  as  a  slight  change  in  the  conditions  of  life  is 
beneficial  to  each  creature,  so,  in  an  analogous  manner,  is  the 
change  effected  in  the  germ  by  sexual  union  with  a  distinct 
individual ;  and  I  have  been  led,  from  observing  the  many 
widely-extended  provisions  throughout  nature  for  this  purpose, 
and  from  the  greater  vigour  of  crossed  organisms  of  all 
kinds,  as  proved  by  direct  experiments,  as  well  as  from  the 
evil  effects  of  close  interbreeding  when  long  continued,  to 
believe  that  the  advantage  thus  gained  is  very  great. 

Why  the  germ,  which  before  impregnation  undergoes  a 
certain  amount  of  development,  ceases  to  progress  and 
perishes,  unless  it  be  acted  on  by  the  male  element;  and 
why  conversely  the  male  element,  which  in  the  case  of  some 
insects  is  enabled  to  keep  alive  for  four  or  five  years, 
and  in  the  case  of  some  plants  for  several  years,  likewise 
perishes,  unless  it  acts  on  or  unites  with  the  germ,  are 
questions  which  cannot  be  answered  with  certainty.  It  is, 
however,  probable  that  both  sexual  elements  peridi,  unless 
brought  into  union,  simply  from  including  too  little  formative 
matter  for  independent  development.   Quatrefages  has  shown 

2  A  2 
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in  the  case  of  the  Teredo,^^  as  did  formerly  Prevoet  and  Dninas 
with  other  animals,  that  more  than  one  spermatozoon  is 
requisite  to  fertilise  an  ovum.  This  has  likewise  been  shown 
by  Newport,  ^^  who  proved  by  numerous  experiments,  that, 
when  a  very  small  number  of  spermatozoa  are  applied  to  the 
ova  of  Batrachians,  they  are  only  partially  impregnated,  and 
an  embryo  is  never  fully  developed.  The  rate  also  of  the 
segmentation  of  the  ovum  is  determined  by  the  number  of  the 
spermatozoa.  With  respect  to  plants,  nearly  the  same  results 
were  obtained  by  Eolreuter  and  Gartner.  This  last  careful 
observer,  after  making  sucoessive  trials  on  a  Malva  with 
more  and  more  pollen-grains,  found,  ^^  that  even  thirty  grains 
did  not  fertilise  a  single  seed  ;  but  when  forty  grains  were 
applied  to  the  stigma,  a  few  seeds  of  small  size  were  formed. 
In  the  case  of  Mirabilis  the  pollen  grains  are  extraordinarily 
large,  and  the  ovarium  contains  only  a  single  ovule ;  and 
these  circumstances  led  Naudin^^  to  make  the  following 
experiments :  a  flower  was  fertilised  by  three  grains  and 
succeeded  perfectly ;  twelve  flowers  were  fei-tilised  by  two 
grains,  and  seventeen  flowers  by  a  single  grain,  and  of  these 
one  flower  alone  in  each  lot  perfected  its  seed:  and  it  deserves 
especial  notice  that  the  plants  produced  by  these  two  seeds 
never  attained  their  proper  dimensions,  and  bore  flowcn  of 
remarkably  small  size.  From  these  £Eu;ts  we  clearly  see  that 
the  quantity  of  the  peculiar  formative  matter  which  is 
contained  within  the  spermatozoa  and  pollen-grains  is  an  all- 
important  element  in  the  act  of  fertilisation,  not  only  for 
the  full  development  of  the  seed,  but  for  the  vigour  of  the 
plant  produced  from  such  seed.  We  see  something  of  the 
same  kind  in  certain  cases  of  parthenogenesis,  that  is,  when 
the  male  element  is  wholly  excluded;    for  M.  Jourdan^^ 


"  *  Annales  des  Sc.  Nat.,'  3rd  series, 
1850,  torn.  zlii. 

>»  *  Transact.  Phil.  Soc.,'  1851,  pp. 
196,  208,  210 ;  1853,  pp.  245,  247. 

^*  ^Beitrage  zur  Kenntnias,'  &c., 
1844,  s.  345. 

**  'Non^elles  Archives  da  Mu- 
seum,' torn.  i.  p.  27. 

'*  As  quoted  by  Sir  J.  Lubbock  in 
<KaL  H»t.   Review'  1962,  p.  345. 


Weijenbergh  also  raised  (*  Nature,* 
I)ec.  21,  1871,  p.  149)  two  successive 
generations  from  unimpregnated  fe- 
males of  another  lepidopt^rous  insect, 
Liparia  dispar.  These  females  did 
not  prodaoe  at  most  one-twentieth 
of  their  full  complement  of  eggs,  and 
manj  of  the  eggs  were  worthless. 
Moreover  the  caterpillars  raised  from 
these  unfertilised  eggs  ^'possei^ei  f« 
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Ibund  that,  out  of  about  5S,000  eggs  laid  by  unimpreguated 
silk-moths,  many  passed  through  their  early  embryonio 
stages,  showing  that  they  were  capable  of  self-development, 
but  only  twenty-nine  out  of  the  whole  number  produced 
caterpillars.  The  same  principle  of  quantity  seems  to  hold 
good  even  in  artificial  fissi  parous  reproduction,  for  HaeckeP^ 
found  that  by  cutting  the  segmented  and  fertilised  ova  or 
larvaB  of  Siphonophorui  (jelly-fishes)  into  pieces,  the  smaller 
the  pieces  were,  the  slower  was  the  rate  of  development,  and 
the  larvas  thus  produced  were  by  so  much  the  more  imperfect 
and  inclined  to  monstrosity.  It  seems^  therefore,  probable 
that  with  the  separate  sexual  elements  deficient  quantity 
of  formative  matter  is  the  main  cause  of  their  not  having 
the  capacity  for  prolonged  existence  and  development,  unless 
they  combine  and  thus  increase  each  other's  bulk.  'J'he  belief 
that  it  is  the  function  of  the  spermatozoa  to  communicate 
life  to  the  ovule  seems  a  strange  one,  seeing  that  the  un- 
impreguated ovule  is  already  alive  and  generally  undergoes  a 
certain  amount  of  independent  development.  Sexual  and 
asexual  reproduction  are  thus  seen  not  to  differ  essentially  ; 
and  we  have  already  shown  that  asexual  reproduction,  the 
power  of  re-growth  and  development  are  all  parts  of  one  and 
the  same  great  law. 

He-growth  of  amputated  parts, — ^This  subject  deserves  a  little 
further  discussion.  A  multitude  of  the  lower  animals  and 
some  vertebrates  possess  this  wonderful  power.  For  instance, 
Spallanzani  cut  off  the  legs  and  tail  of  the  same  salamander  six 
times  successively,  and  Bonnet,^^  did  so  eight  times ;  and  on 
each  occasion  the  limbs  were  reproduced  on  the  exact  line  ol 
amputation,  with  no  part  deficient  or  in  excess.  An  allied 
animal,  the  axolotl,  had  a  limb  bitten  off,  which  was  re- 
produced in  an  abnormal    condition,   but  when  this  was 


less  vitality  "  than  those  from  ferti-  **  Spallanzani,  <Ad  Essay  on  AntinaJ 

li&ed  eggs.     In  the  third   partheno-  Reproduction,'     translated     by    Dr. 

genetic  genersition  not  a  single  egg  Maty,  1769,  p.  7».'   Bonnet,  'dlnvrei 

yielded  a  caterpillar.  d'Uist.  Nat.,'  torn,   r.,  part  L,  4to. 

"   «  Entwickelungsgeschichte     der  edit.,  1781,  pp.  343,  350. 
SiphoDophora,*  18di),  p.  73. 


358  PROVISIONAL  HYPOTHESIS  Chaiv  XXVII 

amputated  it  was  replaced  by  a  perfect  limb.'*  The  new 
limbs  in  these  cases  bud  forth,  and  are  developed  in  the  same 
-manner  as  daring  the  regular  development  of  a  young  anima!. 
For  instance,  with  the  AmblffBtama  Inrida,  three  iocs  are  first 
developed,  then  the  fourth,  and  on  the  hind-feet  the  fifth, 
and  so  it  is  with  a  reproduced  limb.^^ 

The  power  of  re-growth  is  generally  much  greater  during 
the  youth  of  an  animal  or  during  the  earlier  stages  of  its  de- 
velopment than  during  maturity.  The  larvae  or  tadpoles  of  the 
Batrachians  are  capable  of  reproducing  lost  members,  bnt 
not  so  the  adults.^^  Mature  insects  have  no  power  of  re- 
grewth,  excepting  in  one  order,  whilst  the  larvae  of  many  kinds 
have  this  power.  Animals  low  in  the  scale  are  able,  as  a 
general  rule,  to  reproduce  lost  parts  far  more  easily  than  those 
which  are  more  highly  organised.  The  myriapods  offer  a  good 
illustration  of  this  rule;  but  there  are  some  strange  ex- 
ceptions to  it — thus  Nemerteans,  though  lowly  organised,  are 
said  to  exhibit  little  power  of  re-growth.  With  the  higher 
vertebrata,  such  as  birds  and  mammals,  the  power  is  extreme]} 
limited.^''* 

In  the  case  of  those  animals  which  may  be  bisected  or 
chopped  into  pieces,  and  of  which  every  fragment  will 
reproduce  the  whole,  the  power  of  re-growth  must  be  diffused 
throughout  the  whole  body.  Nevertheless  there  seems  to  l>e 
much  truth  in  the  view  maintained  by  Prof.  Lessona,^*  that 
this  capacity  is  generally  a  localised  and  special  one,  serving 
to  replace  parts  which  are  eminently  liable  to  be  lost  in  each 
particular  animal.  The  most  striking  case  in  favour  of  this 
view,  is  that  the  terrestrial  salamander,  according  to  Lessona, 
cannot  reproduce  lost  parts,  whilst  another  species  of  the 

"  Yulpian,    as    quoted    by   Prof.  this  member,   it  was  asserted,   had 

Faivre,  *  La  Variabiiite  des  Ksptees,'  been  thrice  reproduced ;  faayiog  been 

1868,  p.  112.  lost,  I  presume,  each  time  by  disease. 

*•  Dr.  P.  Hoy,  *  The  American  Natu-  Sir  J.  Paget  informs  me  that  he  feels 

ralist,'  Sept.  1^71,  p.  579.  some  doubt  about  the  facts  recorded 

**  Dr.  GUnther,  in  Owen's  *  Ana-  by  Sir  J.  Simfwon  (*  Monthly  Journal 

tomy  of  Vertebrates,'  voL  i.,  1866,  p.  of  Medical  Science,'  Edinburgh,  1848, 

567.    Spallanzani  has  made  simibr  new  series,  vol.  ii.  p.  890)  of  the  re- 

obsenrations.  growth  of  limbs  in  the  womb  in  tht 

**  A  thrush  was  exhibited  before  case  of  man. 

the  British  AssocUtion  at  Hull,  in  »  ' Atti della SocIUl.  di  So.  N«t./ 

1853,  which  had  lost  its  tarsos,  and  vol.  xl,  1869,  p.  493; 
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■aine  genus,  the  aquatic  salamander,  has  extraordinary  powers 
of  re-growth,  as  we  have  just  ^een ;  and  this  animal  is 
eminently  liable  to  have  its  limbs,  tail,  eyes  and  jaws  bitten 
off  by  other  tritons.^^  £ven  with  the  aquatic  salamander 
the  capacity  is  to  a  certain  extent  localised,  for  when  M. 
Philipeaux,^  extirpated  the  entire  fore  limb  together  with 
the  scapula,  the  power  of  r&-growth  was  completely  lost.  It 
is  also  a  remarkable  fact,  standing  in  opposition  to  a  very 
general  rule,  that  the  young  of  the  aquatic  salamander  do  not 
possess  the  power  of  repairing  their  limbs  in  an  equal  degree 
with  the  adults;^*  but  I  do  not  know  that  they  are  more 
active,  or  can  otherwise  better  escape  the  loss  of  their  limbs, 
than  the  adults.  The  walking-stick  insect,  Diapheromera 
femoraia,  like  other  insects  of  the  same  order,  can  reproduce 
its  legs  in  the  mature  state,  and  these  from  their  great  length 
must  be  liable  to  be  lost :  but  the  capacity  is  localised  (as  in 
the  case  of  the  salamander),  for  Dr.  Scudder  found,^^  that  if 
the  limb  was  removed  within  the  trochanto-femoral  articula- 
tion, it  was  never  renewed.  When  a  crab  is  seized  by  one  of 
its  legs,  this  is  thrown  off  at  the  basal  joint,  being  aftei*wai*ds 
replaced  by  a  new  leg ;  and  it  is  generally  admitted  that  this 
is  a  special  provision  for  the  safety  of  the  animal.  Lastly, 
with  gasteropod  molluscs,  which  are  well  known  to  have  the 
power  of  reproducing  their  heads,  Lessona  shows  that  they 
are  very  liable  to  have  their  heads  bitten  off  by  fishes ;  the 
rest  of  the  body  being  protected  by  the  shell.  Even  with 
plants  we  see  something  of  the  same  kind,  for  non-deciduous 
leaves  and  young  stems  have  no  power  of  re-growth,  these 
parts  being  easily  replaced  by  growth  from  new  buds;  whilst 
the  bark  and  subjacent  tissues  of  the  trunks  of  trees  have 
great  power  of  re-growth,  probably  on  account  of  their  increase 
iu  diameter,  and  of  their  liability  to  injury  from  being 
gnawed  by  animals. 

'*  LeMona  ttates  that  this  is  so  <ii  t.  p.  2d4,  as  qnotod  by  Prof.  Rollenton 

the  paper  jiut  referred  to.     See  alt»o  in  his  remarkable  address  to  the  30th 

*  The    American    Naturalist,'    Sept.  annual  meeting  of  the  British  Medioal 

1871,  p.  579.  Association. 

**  *  Comptes  Reudus,'  Oct.  1,  1866,  *'  '  Proc.  Boston  Soc  of  Kat.  HiitV 

tnd  June,  1867.  toL  zii.,  1868-69,  p.  L 

**  Boaaet,  *  (Eurres  Hist  Kat.,'  vol. 
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Ora/Uhyhrids, — It  U  well  known  from  innumorable  triali 
xnado  in  all  parts  of  the  world,  that  buds  may  be  inserted 
into  8  stock,  and  that  the  plants  thus  raised  are  not  affected 
in  a  greater  degree  than  can  be  accounted  for  by  changed 
nutrition.  Nor  do  the  seedlings  i-aised  from  such  inserted 
buds  partake  of  the  character  of  the  stock,  though  they  are 
more  liable  to  vary  than  are  seedlings  from  the  same  variety 
growing  on  its  own  roots.  A  bud,  also,  may  sport  into  a  new 
and  strongly-marked  variety  without  any  other  bud  on  the 
same  plant  being  in  the  least  degree  affected.  We  may  there- 
fore infer,  in  accordance  with  the  common  view,  that  each 
bud  is  a  distinct  individual,  and  that  its  formative  elements 
do  not  spread  beyond  the  parts  subsequently  developed 
from  it.  Nevertheless,  we  have  seen  iu  the  abstract  on 
graft  hybridisation  in  the  eleventh  chapter  that  buds  certainly 
include  formative  matter,  which  can  occasionally  combine 
with  that  included  in  the  tissues  of  a  distinct  variety  or 
species ;  a  plant  intermediate  between  the  two  parent-tbuns 
being  thus  produced.  In  the  case  of  the  potato  we  have  seen 
that  the  tubers  produced  from  a  bud  of  one  kind  inserted  into 
another  are  intermediate  in  colour,  size,  shape  and  state  oi 
surface ;  that  the  stems,  foliage,  and  even  certain  constitutional 
]>eculiarities,  such  as  precocity,  are  likewise  intermediate. 
With  these  well-established  oases,  the  evidence  that  graft- 
hybrids  have  also  been  produced  with  the  laburnum,  orange, 
vine,  rose,  &c.,  seems  sufficient.  But  we  do  not  know 
under  what  conditiims  this  rare  form  of  reproduction  is 
possible.  From  these  several  cases  we  learn  the  important 
fact  that  formative  elements  capable  of  blending  with  those 
of  a  distinct  individual  (and  this  is  the  chief  character- 
istic of  sexual  generation),  are  not  confined  to  the  repro- 
ductive organs,  but  are  present  in  the  buds  and  cellular  tissue 
of  plants;  and  this  is  a  fact  of  the  highest  phvsiological 
importance. 

Direct  Action  of  the  MaJe  Element  on  the  Female, — In 
the  eleventh  chapter,  abundant  proofs  were  given  that 
foreign  pollen  occasionally  affects  in  a  direct  manner  the 
mother-plant.  Thus,  when  Gallesio  fertilised  an  orange- 
flower  with  pollen  from  the  lemon,  the  fruit  bore  strides 
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of  perfectly  oharacterised  lemon-peel.  With  peas,  several 
observers  have  seen  the  oolour  of  the  8eed-<x)atB  and  even 
of  the  pod  directly  affected  by  the  i)ollen  of  a  distinct 
variety.  So  it  has  been  with  the  fruit  of  the  apple,  which 
consists  of  the  modified  calyx  and  upper  part  of  the  flower- 
stalk.  In  ordinary  cases  these  parts  are  wholly  formed  by 
the  mother-plant.  We  here  see  that  the  formative  elements 
included  within  the  male  element  or  pollen  of  one  variety 
can  affect  and  hybridise,  not  the  part  which  they  are  properly 
adapted  to  affect,  namely,  the  ovules,  but  the  partially-developed 
tissues  of  a  distinct  variety  or  species.  We  are  thus  brought 
half-way  towards  a  graft-hybrid,  in  which  the  formative 
elements  included  within  the  tissues  of  one  individual  oom- 
bine  with  those  included  in  the  tissues  of  a  distinct  variety 
or  species,  thus  giving  rise  to  a  new  and  intermediate  form, 
independently  of  the  male  or  female  sexual  organs. 

With  animals  which  do  not  breed  until  nearly  mature,  and 
of  which  all  the  parts  are  then  fully  developed,  it  is  hardly 
possible  that  the  male  element  should  directly  affect  the 
female.  But  we  have  the  analogous  and  perfectly  well-ascer- 
tained case  of  the  male  element  affecting  (as  with  the 
quagga  and  Lord  Morton^s  mare)  the  female  or  her  ova,  in 
such  a  manner  that  when  she  is  impregnated  by  another 
male  her  ofibpring  are  affected  and  hybridised  by  the  first 
male.  The  explanation  would  be  simple  if  the  spermatozoa 
could  keep  alive  within  the  body  of  the  female  during  the 
long  interval  which  has  sometimes  elapsed  between  the  two 
acts  of  impregnation ;  but  no  one  will  suppose  that  this  is 
possible  with  the  higher  animals. 

Development, — The  fertilised  germ  reaches  maturity  by  a 
vast  number  of  changes :  these  are  either  slight  and  slowly 
effected,  as  when  the  child  grows  into  the  man,  or  are  great 
and  sudden,  as  with  the  metamorphoses  of  most  insects. 
Between  these  extremes  we  have  every  gradation,  even  within 
the  same  class;  thus,  as  Sir  J.  Lubbock  has  shown,*''^  there 
is  an  Ephemerous  insect  which  moults  above  twenty  times, 
undergoing  each  time  a  slight  but  decided  change  of  structure  ; 
and  these  changes,  as  he  further  remarks,  probably  reveal  to 

<•  'Trausact.  Lion.  Soc.,  sol.  xxiv.,  1863,  p.  63 
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110  the  normal  stages  of  development,  which  are  oonoealed 
and  hurried  through  or  suppressed  in  most  other  insects. 
In  ordinary  metamorphoses,  the  parts  and  organs  appear  to 
become  changed  into  the  corresponding  parts  in  the  next 
stage  of  development ;  but  there  is  another  form  of  develop)- 
me^t,  which  has  been  called  by  Professor  Owen  metagenesis. 
In  {bis  case  **  the  new  parts  are  not  moulded  upon  the  inner 
"  surface  of  the  old  ones.  The  plastic  force  has  changed  its 
**  course  of  operation.  The  outer  case,  and  all  that  gave  form 
"  and  character  to  the  precedent  individual,  perish  and  are 
**  cast  off;  they  are  not  changed  into  the  corresponding  parts 
**  of  the  new  individual.  These  are  due  to  a  new  and  distinct 
"  developmental  process,"  &c.*'  Metamorphosis,  however, 
graduates  so  insensibly  into  metagenesis,  that  the  two  pro- 
cesses cannot  be  distinctly  separated.  For  instance,  in  the 
last  change  which  Cirripedes  undergo,  the  alimentary  canal 
and  some  other  organs  are  moulded  on  pre-existing  parts; 
but  the  eyes  of  the  old  and  the  young  animal  are  developed 
in  entirely  different  parts  of  the  body ;  the  tips  of  the  mature 
limbs  are  formed  within  the  larval  limbs,  and  may  be  said 
to  be  metamorphosed  from  them;  but  their  basal  portions 
and  the  whole  thorax  are  developed  in  a  plane  at  right  angles 
to  the  larval  limbs  and  thorax;  and  this  may  be  called 
metagenesis.  I'he  metagenetio  process  is  carried  to  an  ex- 
treme point  in  the  development  of  some  Echinoderms,  for 
the  animal  in  the  second  stage  of  development  is  formed 
almost  like  a  bud  within  the  animal  of  the  first  stage, 
the  latter  being  then  cast  off  like  an  old  vestment,  yet 
sometimes  maintaining  for  a  short  period  an  independent 
vitality.^" 

If,  instead  of  a  single  individual,  several  were  to  be  thus 
developed  metagenetically  within  a  pre-existing  form,  the 
process  would  be  called  one  of  alternate  generation.  The 
young  thus  developed  may  either  closely  resemble  the  encasing 

'*  <  Parthenogenesis/  1849,  pp.  25,  graduates  into  gemination  or   zoid- 

26.     Prof.  Huxley  has  some  excellent  formation,  which  is  in  fact  the  same 

remarks  (*  Medical  Times,'  1856,  p.  as  metagenesis. 
G37)  on  this  subject  in  reference  to  **  Prof.  J.  Reay  Greene,  in  Giia* 

the  development  of  star -fishes,  and  ther*s  *  Record  of  Zoolug.  Lit.,*  1665^ 

#hows  how  curiously  metamorphosis  p.  625. 
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parent-form,  as  with  the  larvao  of  Cecidomyia,  or  may  differ 
to  an  astonishing  degree,  as  with  many  parasitic  worms  and 
jelly-fishes;  but  this  does  not  make  any  essential  difference 
in  the  process,  any  more  than  the  greatness  or  abruptness  of 
the  change  in  the  metamorphoses  of  insects. 

Tlie  whole  question  of  development  is  of  great  importance 
for  our  present  subject.  AVhen  an  organ,  the  eye,  foi*  instance, 
is  metagenetically  formed  in  a  part  of  the  body  where  during 
the  previous  stage  of  development  no  eye  existed,  we  mubt 
look  at  it  as  a  new  and  independent  growth.  The  absolute 
independence  of  new  and  old  structures,  although  corre- 
sponding in  structure  and  function,  is  still  more  obvious  when 
several  individuals  are  formed  within  a  previous  form,  as  in 
the  cases  of  alternate  generation.  The  same  important  prin- 
ciple probably  comes  largely  inio  play  even  in  the  case  of 
ajjparently  continuous  growth,  as  we  shall  see  when  we  con- 
sider the  inheritance  of  modifications  at  corresponding  ages. 

Wo  are  led  to  the  same  conclusion,  namely,  the  independ- 
ence of  parts  successively  developed,  by  another  and  quite 
distinct  group  of  facts.  It  is  well  known  that  many  animals 
belonging  to  the  same  order,  and  therefore  not  differing  widely 
from  each  other,  pass  through  an  extremely  different  course 
of  development.  Thus  certain  beetles,  not  in  any  way  re- 
markably different  from  others  of  the  same  order,  undergo 
what  has  been  called  a  hyper-metamorphosis — that  is,  they 
pass  through  an  early  stage  wholly  different  from  the  ordinary 
grub-like  larva.  In  the  same  sub-order  of  crabs,  namely,  the 
Macroura,  as  Fritz  Miiller  remarks,  the  river  cray-tish  is 
hatched  under  the  same  form  which  it  ever  afterwards  retains ; 
the  young  lobster  has  divided  legs,  like  a  M^sis ;  the  Palsemon 
appears  under  the  form  of  a  Zoea,  and  i'eneus  under  the 
Kauplius-form  ;  and  how  wonderfully  these  larval  forms  differ 
from  one  another,  is  known  to  every  naturalist.'^  Some 
other  crubtaceans,  as  the  same  author  observes,  start  from  the 
same  point  and  arrive  at  nearly  the  same  end,  but  in  the 

*>  FritsE    Mtiller's    *  Fiir  Darwin,'  Nat./  2od  Mrim,  Zoolog.,  torn.  iii.  p 

1864,    B.     65,     71.       The    highest  S22)  on   the  difference  in  the  meta* 

authority  on  crustaceans,  Prof.  Milne-  morphosis  of  closely-allied  genera, 
liid  wards,  insists   (*AnaaL  det   ScL 
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middle  of  their  development  are  widely  different  from  one 
another.  Still  more  striking  cases  could  be  given  with 
respect  to  the  Echinodermata.  With  the  Medussd  or  jelly- 
fishes  Professor  AUman  observes,  '*  The  classification  of  the 
*'  Hydroida  would  be  a  comparatively  simple  task  if,  as  has 
**been  erroneously  asserted,  generically-identical  medusoids 
"  always  ai*06e  from  generically-identical  polypoids;  and,  on 
**  the  other  hand,  that  genericaUy-identical  polypoids  always 
**  gave  origin  to  generically-identical  medusoids.*'  So  again. 
Dr.  Strethill  Wright  remarks,  "In  the  life-hibtory  of  the 
"  Hydroidffi  any  phase,  planuloid,  polypoid,  or  medusoid,  may 
"  be  absent."  ^^ 

According  to  the  belief  now  generally  accepted  by  our  best 
naturalists,  all  the  members  of  the  same  order  or  class,  for 
instance,  the  Medus®  or  the  Macrourous  crustaceans,  are 
descended  from  a  common  progenitor.  During  their  descent 
they  have  diverged  much  in  structure,  but  have  retained 
much  in  common ;  and  this  has  occurred,  though  they  have 
passed  through  and  still  pass  through  marvellously  different 
metamorphoses.  This  fact  well  illustrates  how  independent 
each  structure  is  from  that  which  precedes  and  that  which 
follows  it  in  the  course  of  development. 

The  Functional  Independence  of  the  Elements  or  Unite  of  the 
Body, — Physiologists  agree  that  the  whole  organism  consists 
of  a  multitude  of  elemental  parts,  which  are  to  a  great  extent 
independent  of  one  another.  Each  organ,  says  Claude 
Bernard,^  has  its  proper  life,  its  autonomy ;  it  can  develop 
and  reproduce  itself  independently  of  the  adjoining  tissues. 
A  great  German  authority,  Yirchow,^  asserts  still  more 
emphatically  that  each  system  consists  of  an  "enormous 

mass  of  minute  centres  of  action Every  element  has 

its  own  special  action,  and  even  though  it  derive  its  stimulus 
to  activity  from  other  parts,  yet  alone  effects  the  actual 
"  performance  of  duties Every  single  epithelial  and 

**  Prof.  AUman,  in  *  Annals  and  by  San. 
Mng.  of  Nat.  Hist.,'  3rd  series,  yoI.  "  'Tissus  Vivant*/  1866,  p.  22. 

xiii.,  1864,  p.  3i8;    Dr.  S.  Wright,  »*  'Cellular   Pathology/   tran^lat 

Ibid.,  vol.  viii.,  1861,   p.  127.      See  by  Dr.  Cliance,  18dO,  pp.  14, 18,  83 

also  p.  358  ibr  analogous  statements  460. 
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^  mcscolar  fibre-oell  leads  a  sort  of  parasitical  ezistenoe  in 

•*  relation  to  the  rest  of  the  body Every  single  bone- 

"  corpuscle  really  possesses  conditions  of  nutrition  peculiar  to 
^  itself."  Each  element,  as  Sir  J.  Paget  remarks,  lives  its 
appointed  time  and  then  dies,  and  is  replaced  after  being " 
cast  off  or  absorbed.*®  I  presume  that  no  ])hy8iologist  doubts 
that,  for  instance,  each  bone-corpuscle  of  the  finger  differs 
from  the  con  esponding  corpuscle  in  the  corresponding  joint 
of  the  toe ;  and  there  can  hardly  be  a  doubt  that  even  those 
on  the  corresponding  sides  of  the  body  differ,  though  almost 
identical  in  nature.  I'his  near  approach  to  identity  is 
curiously  shown  in  many  diseases  in  which  the  same  exact 
points  on  the  right  and  left  sides  of  the  body  are  similarly 
affected  ;  thus  Sir  J.  Paget  *^  gives  a  drawing  of  a  diseased 
pelvis,  in  which  the  bone  has  grown  into  a  most  complicated 
pattern,  but  "  there  is  not  one  spot  or  line  on  one  side  which 
*'  is  not  represented,  as  exactly  as  it  woiQd  bo  in  a  miiTor,  on 
"  the  other." 

Many  facts  support  this  view  of  the  independent  life  of 
each  minute  element  of  the  body.  Virchow  insists  that  a 
single  bone -corpuscle  or  a  single  cell  in  the  skin  may  become 
diseased.  The  spur  of  a  cock,  after  being  inserted  into  the 
ear  of  an  ox,  lived  for  eight  years,  and  acquired  a  weight  of 
396  grammes  (nearly  fourteen  ounces),  and  the  astonishing 
length  of  twenty-four  centimetres,  or  about  nine  inches ;  so 
that  the  head  of  the  ox  appeared  to  bear  three  horns.*^  The 
tail  of  a  pig  has  been  grafted  into  the  middle  of  its  bcu)k,  and 
reacquired  sensibility.  Dr.  Oilier*®  inserted  a  piece  of  perios- 
teum from  the  bone  of  a  3*oung  dog  under  the  skin  of  a  rabbit, 
and  true  bone  was  developed.  A  multitude  of  similar  facts 
could  be  given.  The  frequent  presence  of  hairs  and  of  per- 
fectly developed  teeth,  even  teeth  of  the  second  dentition,  in 
ovarian  tumours,*^  are  facts  leading  to  the  same  conclusion. 

"  Paget,     *  Surgical     Pathology,'  des  Os,*  p.  8. 

Tol.  i..  1853,  pp.  12-14.  »•  Isidore    Geoflroy    Saint-Hilaire, 

**  Ibid.,  p.  19.  '  Hist,   des  Anomalies,'  torn.   ii.  pp. 

>'  iS^  Prof.  Mantegazza's  interest-  549,   560,  562 ;    Virchow,   ibid.,    p. 

ing  woric,  *  Degli  innesti  Animali,'  &c.,  484.     Lawson  Tait,  *  The  Pathology  of 

Milano,  1865,  p.  51,  tab.  3.  Diseases  ot'  the  Ovaries,'  1874,  pp.  61, 

**  *De    la    Prodactien   Artificielle  62. 


u 
ii 


366  PBOVISIONAL  HYPOTHESIS  Chap.  XXVII 

Mr.  LawBOQ  Tait  refers  to  a  tumour  in  which  **over  30G 
teeth  were  found,  resembling  in  many  respects  milk-teeth  ;" 
and  to  another  tumour, ''  full  of  hair  which  had  grown  and 
*'  been  shed  from  one  little  spot  of  skin  not  bigger  than  the  tip 
of  my  little  finger.  The  amount  of  hair  in  the  sac,  had  it 
grown  from  a  similarly  sized  area  of  the  scalp,  would  have 
**  taken  almost  a  lifetime  to  grow  and  be  shed." 

Whether  each  of  the  innumerable  autonomous  elements  of 
the  body  is  a  cell  or  the  modified  product  of  a  cell,  is  a  more 
doubtful  question,  even  if  so  wide  a  definition  be  given  to  the 
term,  as  to  include  cell-like  bodies  without  walls  and  without 
nuclei.^^  The  doctrine  of  omnia  cellida  e  celluld  is  admitted 
for  plants,  and  widely  prevails  with  respect  to  animals.^^ 
Thus  Yirchow,  the  great  supporter  of  the  cellular  theory, 
whilst  allowing  that  difficulties  exist,  maintains  that  every 
atom  of  tissue  is  derived  from  cells,  and  these  from  pre- 
existing cells,  and  these  primarily  from  the  egg,  which  he 
regards  as  a  great  cell,  lliat  cells,  still  retaining  the  same 
nature,  increase  by  self-division  or  proliferation,  is  admitted 
by  every  one.  But  when  an  organism  undergoes  great 
changes  of  structure  during  development,  the  cells,  which  at 
each  stage  are  supposed  to  be  directly  derived  from  previously 
existing  cells,  must  likewise  be  greatly  changed  in  nature ; 
this  change  is  attributed  by  the  supporters  of  the  cellular 
doctrine  to  some  inherent  power  which  the  cells  possess, 
and  not  to  any  external  agency.  Others  maintain  that  cells 
and  tissues  of  all  kinds  may  be  formed,  independently  of  pre- 
existing cells,  from  plastic  lymph  or  blastema.  Whichever 
view  may  be  correct,  every  one  admits  that  the  body  consists 
of  a  multitude  of  organic  units,  all  of  which  possess  their 
own  proper  attributes,  and  are  to  a  certain  extent  independent 
of  all  others.  Hence  it  will  be  convenient  to  use  indifierently 
the  terms  cells  or  organic  units,  or  simply  units. 

Variability  and  Inheritance. — We  have  seen  in  the  twenty- 
second  chapter  that  variability  is  not  a  principle  co-ordinats 
with  life  or  reproduction,  but  results  from  special  causes^ 

*•  FnrthfkjnoAfrAcentrUsJufication  **  Dr.   W.   Turner,  *The  Present 

of  cells,  9M  Ernst  H'ickers  *  Geutieile        Aspect  of  Cellular  Pathology/  *  Edin- 
MorphcUg.,'  Band  iL,  1866,  s.  27&.  bugh  Medical  Journal,'  AprU,  1863. 
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generally  from  changed  conditions  acting  during  snccessive 
generations.  The  fluctuating  variability  thus  induced  is  ap- 
parently due  in  part  to  the  sexual  system  being  easily  affected, 
so  that  it  is  often  rendered  impotent;  and  when  not  so 
seriously  affected,  it  often  fails  in  its  proper  function  ol 
transmitting  truly  the  characters  of  the  parents  to  the 
offspring.  But  variability  Is  not  necessarily  connected  with 
the  sexual  system,  as  we  see  in  the  cases  of  bud-variation. 
Although  we  are  seldom  able  to  trace  the  nature  of  the  con- 
nection, many  deviations  of  structure  no  doubt  result  from 
changed  conditions  acting  directly  on  the  organisation,  in- 
dependently of  the  reproductive  system.  In  some  instances 
we  may  feel  sure  of  this,  when  all,  or  nearly  all  the  individuals 
which  have  been  similarly  exposed  are  similarly  and  defi- 
nitely affected,  of  which  several  instances  have  been  given* 
But  it  is  by  no  means  clear  why  the  offspring  should  be 
affected  by  the  exposure  of  the  parents  to  new  conditions, 
and  why  it  is  necessary  in  most  cases  that  several  generations 
should  have  been  thus  exposed. 

How,  again,  can  we  explain  the  inherited  effects  of  the  use 
or  disuse  of  particular  organs?  The  domesticated  duck  flies 
less  and  walks  more  than  the  wild  duck,  and  its  limb-bones 
have  become  diminished  and  increased  in  a  corresponding 
manner  in  comparison  with  those  of  the  wild  duck.  A 
horse  is  trained  to  certain  paces,  and  the  colt  inherits  similar 
consensual  movements.  The  domesticated  rabbit  becomes 
tame  from  close  confinement;  the  dog,  intelligent  from 
associating  with  man ;  the  retriever  is  taught  to  fetch  and 
carry ;  and  these  mental  endowments  and  bodily  powers  are 
all  inherited.  Nothing  in  the  whole  circuit  of  physiology  is 
more  wonderful.  How  can  the  use  or  disuse  of  a  particular 
limb  or  of  the  brain  affect  a  small  aggregate  of  reproductive 
cells,  seated  in  a  distant  part  of  the  body,  in  such  a  manner 
that  the  being  developed  from  these  cells  inherits  the  charac- 
ters of  either  one  or  both  parents  ?  Even  an  imperfect  answer 
to  this  question  would  be  satisfactory. 

In  the  chapters  devoted  to  inheritance  it  was  shown  that  a 
multitude  of  newly  acquired  characters,  whether  injurious  or 
beneficial,  whether  of  the  lowest  or  highest  vital  importance. 
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are  often  faithfully  transmitted— frequently  even  when  one 
parent  alone  poflscfises  some  new  peculiarity;  and  we  may 
on  the  whole  conclude  that  inheritance  ia  the  rule,  and 
non-inheritance  the  anomaly.  In  some  instances  a  character 
is  not  inherited,  from  the  conditions  of  life  being  directly 
opposed  to  its  development;  in  many  instances,  from  the 
conditions  incessantly  inducing  'fresh  variability,  as  with 
grafted  fruit-trees  and  highly-cultivated  flowers.  In  the  re- 
maining cases  the  failure  may  be  attributed  to  reversion,  by 
which  the  child  resembles  its  grandparents  or  more  remote 
progenitors,  instead  of  its  parents. 

Inheritance  is  governed  by  various  laws.  Characters  which 
first  appear  at  an}'  particular  age  tend  to  reappear  at  a  corre- 
sponding age.  They  often  become  associated  with  certain 
seasons  of  the  year,  and  reappear  in  the  ofispring  at  a  corre- 
sponding season.  If  they  appear  rather  late  in  ]ife  in  one  sex, 
they  tend  to  reappear  exclusively  in  the  same  sex  at  the 
same  period  of  life. 

The  principle  of  reversion,  recently  alluded  to,  is  one  of 
the  most  wonderful  of  the  attributes  of  Inheritance.  It 
proves  to  us  that  the  transmission  of  a  character  and  its 
development,  which  ordinarily  go  together  and  thus  escape 
discrimination,  are  distinct  powers ;  and  these  powerM  in  some 
oases  are  even  antagonistic,  for  each  acts  alternately  in  suc- 
cessive generations.  Beversion  is  not  a  rare  event,  depending 
on  some  unusual  or  favourable  combination  of  circumstances, 
but  occurs  so  regularly  with  crossed  animals  and  plants,  and 
so  frequently  with  uncrossed  breeds,  that  it  is  evidently  an 
essential  part  of  the  principle  of  inheritance.  We  know  that 
changed  conditions  have  the  power  of  evoking  long-lost 
characters,  as  in  the  case  of  animals  becoming  feral.  The 
act  of  crossing  in  itself  possesses  this  power  in  a  high  degree. 
What  can  be  more  wonderful  than  that  characters,  which 
have  disappeared  during  scores,  or  hundreds,  or  even  thou* 
sands  of  generations,  should  suddenly  reappear  perfectly 
developed,  as  in  the  case  of  pigeons  and  fowls,  both  when 
purely  bred  and  especially  when  crossed ;  or  as  with  tha 
zebrine  stripes  on  dun-coloured  horses,  and  other  such  cases  ? 
Many  monstrosities  come  under  t^is  same  head,  as  when 
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rudimentary  organs  are  redeveloped,  or  when  an  organ  which 
we  must  believe  was  possessed  by  an  early  pi'ogenitor  of  the 
species,  but  of  which  not  even  a  rudiment  is  left,  suddenly 
reappears,  as  with  the  fifth  stamen  in  some  Scrophnlariacese. 
We  have  already  seen  that  reversion  acts  in  bud-reproduction ; 
and  we  know  that  it  occasionally  acts  during  the  growth  of 
the  same  individual  animal,  especially,  but  not  exclusively,  if 
of  crossed  parentage, — as  in  the  rare  cases  described  of  fowls, 
pigeons,  cattle,  and  rabbits,  which  have  reverteil  to  the  ooloui-s 
of  one  of  their  parents  or  ancestors  as  they  advanced  in  yeais. 
We  are  led  to  believe,  as  formerly  explained,  that  every 
character  which  occasionally  reappears  is  present  in  a  latenl 
form  in  each  generation,  in  nearly  the  same  manner  as  in 
male  and  female  animals  the  secondary  characters  of  the 
opposite  sex  lie  latent  and  ready  to  be  evolved  when  the 
reproductive  organs  are  injured.  This  comparison  of  the 
secondary  sexual  characters  which  lie  latent  in  both  sexes, 
with  other  latent  characters,  is  the  more  appropriate  from 
the  case  recorded  of  a  Hen,  which  assumed  some  of  the 
masculine  characters,  not  of  her  own  race,  but  of  an  early 
progenitor;  she  thus  exhibited  at  the  same  time  the  re- 
development of  latent  characters  of  both  kinds.  In  every 
living  creature  we  may  feel  assured  that  a  host  of  long  lost 
characters  lie  ready  to  be  evolved  under  proper  conditions. 
How  can  we  make  intelligible  and  connect  with  other  facts, 
this  wonderful  and  common  capacity  of  reversion,  —  this 
power  of  calling  back  to  life  long-lost  characters  ? 

Part  II. 

I  have  now  enumerated  the  chief  facts  which  every  one 
would  desire  to  see  connected  by  some  intelligible  bond.  This 
can  be  done,  if  we  make  the  following  assumptions,  and 
much  may  be  advanced  in  favour  of  the  chief  one.  The 
secondary  assumptions  c  an  likewise  be  supported  by  various 
physiological  considerations.  It  is  universally  admitted  that 
the  cells  or  units  of  the  body  increase  by  self-division  or 
proliferation,  retaining  the  same  nature,  and  that  they 
ultimately  become  converted  into  the   various  tissues  and 

VOL.  n.  2  b 
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subfiianoes  of  the  body.  But  besides  this  means  of  increase 
I  assume  that  the  units  throw  off  minute  granules  which 
are  dispersed  throughout  the  whole  system;  that  these,  when 
supplied  with  proper  nutriment,  multiply  by  self-division, 
and  are  ultimately  developed  into  imits  like  those  from  which 
they  were  originally  derived.  These  granules  may  be  called 
gemmules.  They  are  collected  from  all  parts  of  the  system 
to  constitute  the  sexual  elements,  and  their  development  in 
the  next  generation  forms  a  new  being ;  but  they  are  like- 
wise capable  of  transmission  in  a  dormant  state  to  future 
generations  and  may  then  be  developed.  Their  development 
depends  on  their  union  with  other  partially  developed  or 
nascent  cells  which  precede  them  in  the  regular  course  ot 
growth.  Why  I  use  the  term  union,  will  be  seen  when  we 
discuss  the  direct  action  of  pollen  on  the  tissues  of  the  mother 
plant.  G  emmnles  are  supposed  to  be  thrown  off  by  every  unit, 
not  only  during  the  adult  state,  but  during  each  stage  of 
development  of  every  organism ;  but  not  necessarily  during 
the  continued  existence  of  the  same  unit.  Lastly,  I  assume 
tliat  the  gemmules  in  their  dormant  state  have  a  mutual 
affinity  for  each  other,  leading  to  their  aggregation  into  buds 
or  into  the  sexual  elements.  Hence,  it  is  not  the  reproduc- 
tive organs  or  buds  which  generate  new  organisms,  but  the 
units  of  which  each  individual  is  composed,  lliese  assump- 
tions constitute  the  provisional  hypothesis  wliich  I  have  called 
Pangenesis.  Views  in  many  respects  similar  have  been  pro- 
pounded by  various  authors.*' 

<'  Mr.  G.  H.  Lewes  (*  Fortnightly  tiallj   different.      Bonnet  (*  CEuvres 

Review,'  Nor.  1, 1868,  p.  506)  remarks  d*ULst.  Nat.,'  torn,  v.,  part  i.,   1781, 

(•n  the  number  of  writers  who  have  4to  edit.,  p.  3o4)  speaks  of  the  limbs 

advanced  nenrly  similar  views.    More  having  germs  adapted  for  the  rcpara- 

thnn  two  thousand  years  ngo  Aristotle  tion    of    all     possible     losses ;     but 

oombnted  a  view  of  this  kind,  which,  whether  these  germs  are  supposed  to 

ns   I   hear   from   Dr.   W.  Ogle,  was  be  the  same  with  those  within  buds 

held  by  Hippocrates  and  others.    Ray,  and  the  sexunl  orgnns  is  not  clear, 

in  his  ^  Wisdom  of  God  '  (2nd  edit..  Prof.  Owen  says  ('  Anatomy  of  Yerte- 

1692,  p.  68),  says  that  "every  part  brate»,'  vol.  iii.,  1868,  p.  813)  that 

**  of  the  body  seems  to  club  and  con-  he  fails  to  see  any  fundamental  differ- 

"  tribute  to  the  seed."    The  "  organic  ence  between  the  views  which  he  pro- 

molecules "  of  Buffon   (*  Hist.    Niit.  pounded     in     his    '  Parthenogenesis  * 

G«n.,'  edit,  of  1749,  torn.  ii.  pp.  54, 62,  (1 849,  pp.  5-8),  and  which  he  now  oon- 

329,  333,  420,  425)  appear  at  fin»t  siders  an  erroneous,  and  my  hypothesis 

tight  to  be  the  same  as  the  gemmules  of  pangenesis :  but  a  reviewer  (*  Jour- 

•f  my  hypothesis,  but  they  are  essen-  nal  of  Anat.  nnd  Phys./  May,  1869, 
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Before  proceeding  to  show,  firstly,  how  far  these  assump- 
tions are  in  themselves  probable,  and  secondly,  how  far  they 
connect  and  explain  the  various  groups  of  facts  with  which 
we  are  concerned,  it  may  be  useful  to  ^ive  an  illustration,  as 
simple  as  possible,  of  the  hypothesis.  If  one  of  the  Protozoa  be 
formed,  as  it  appears  under  the  microscope,  of  a  small  mass  of 
homogeneous  gelatinous  matter,  a  minute  particle  or  gemmule 
thrown  off  from  any  part  and  nourished  under  favourable 
circumstances  would  reproduce  the  whole ;  but  if  the  upper 
and  lower  surfaces  were  to  differ  in  texture  from  each  other 
and  from  the  central  portion,  then  all  three  parts  would  have 
to  throw  off  gemmules,  which  when  aggregated  by  mutual 
affinity  would  form  either  buds  or  the  sexual  elements,  and 
would  ultimately  be  developed  into  a  similar  organism. 
Precisely  the  same  view  may  be  extended  to  one  of  the 
higher  animals;  although  in  this  case  many  thousand 
gemmules  must  be  thrown  off  from  the  various  parts  of  the 
body  at  each  stage  of  development;  these  gemmules  being 
developed  in  union  with  pre-existing  nasoent  cells  in  due 
order  of  succession. 

Physiologists  maintain,  as  we  have  seen,  that  each  unit  of 
the  body,  though  to  a  large  extent  dependent  on  others,  is 
likewise  to  a  certain  extent  independent  or  autonomous,  and 
has  the  power  of  increasing  by  self-division.  I  go  one  step 
further,  and  assume  that  each  unit  casts  off  free  gemmules 
which  are  dispersed  throughout  the  system,  and  are  capable 
under  proper  conditions  of  being  developed  into  similar  unit^ 
Nor  can  this  assumption  be  considered  as  gratuitous  and 
improbable.  It  is  manifest  that  the  sexual  elements  and  buds 
include  formative  matter  of  some  kind,  cax>able  of  develop- 
ment ;  and  we  now  know  from  the  production  of  graft-hybrids 
that  similar  matter  is  dispersed  throughout  the  tissues  of 


p.   441)  shows    how  diflTerent    they  Lastly,  it  appears  from  a  review  of 

really  are.      I  formerly  thought  that  the  present  work  by   Prof.   Mante- 

the  **  phy^siologicftl  units  "  of  Herbert  gazxa  (*  Nuora  Antologia,   Magi^io,' 

8pencer  (*  Principles  of  Biolo$^y,'  vol.  1868),  that  he  (in  his  *  Element!  di 

chaps,    iv.    and    viii.,    1863-64)  Igiene,'   VAit.   iii.,   p.    540)    clearly 

were  the  same  as  my  gemmules,  but  foresaw  the  doctrine  of  pangoieaia. 


w< 

I  now  know  that  this  is  not  the  case. 
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plants,  and  oan  oombine  with  that  of  another  and  distinct 
plant,  giving  rise  to  a  new  being,  intennediate  in  character. 
We  know  also  that  the  male  element  can  act  directly  on  the 
partially  developed  tissues  of  the  mother-plant,  and  on  the 
future  progeny  of  female  animals.  The  formative  matter 
which  is  thus  dispersed  throughout  the  tissues  of  plants, 
and  which  is  capable  of  being  deyeloped  into  each  unit  or 
part,  must  be  generated  there  by  some  moans ;  and  my  chief 
assumption  is  that  this  matter  consists  of  minute  particles 
or  gemmules  cast  off  from  each  unit  or  cell.^ 

But  I  have  further  to  assume  that  the  gemmules  in  their  un- 
developed state  are  capable  of  largely  multipl3^ing  themselves 
by  self-division,  like  independent  organisms.  Delpino  insists 
that  to  "  admit  of  multiplication  by  fissi parity  in  corpuscles, 
"  analogous  to  seeds  or  buds  ...  is  repugnant  to  all  analogy." 
But  this  seems  a  strange  objection,  as  Thuret  ^  has  seen  the 
eoospore  of  an  alga  divide  itself,  and  each  half  geiminated. 
Haeckel  divided  the  segmented  ovum  of  a  siphonophora  into 
many  pieces,  and  these  were  developed.  Nor  does  the  extreme 
minuteness  of  the  gemmules,  which  can  hardly  differ  much  in 
nature  from  the  lowest  and  simplest  organisms,  render  it 
improbable  that  they  should  grow  and  multiply.  A  groat 
authority.  Dr.  Beale,^^  sa^'s  "  that  minute  yeast  cells  are 
**  capable  of  throwing  off  buds  or  gemmules,  much  less  than 
**  ^^®  loo'ooo  ^^  ^^  ^^^^  ^  diameter ;"  and  these  he  thinks  are 
^*  capable  of  subdivision  practically  ad  infinitum." 

A  pai-ticle  of  small-pox  matter,  so  minute  as  to  be  borne  by 
the  wind,  must  multiply  itself  many  thousandfold  in  a  person 
thus  inoculated ;  and  so  with  the  contagious  matter  of  scarlet 
fever.^*  It  has  recently  been  ascertained  ^^  that  a  minute 
portion  of  the  mucous  discharge  from  an  animal  affected  witb 


**  Mr.  Lowne  has  observed  {*  Jour- 
nal of  Queckett  Microscopical  Club,' 
Sept.  23,  1870)  certain  remarlcabU 
changes  in  the  tissues  of  the  larva  of 
a  fly,  which  makes  him  believe  "  it 
**  possib/e  that  or|;ans  and  organisms 
**  are  sometimes  developed  bv  the 
"  aggivi^ation  of  excessively  minute 
**  gemmoi^such  as  those  which  Mr. 
**  Daxwln's  hypothesis  demands." 


"  'Annales  des  Sc.  Nat,*  3id 
series,  Bot.,  torn,  ziv.,  1850,  p.  244. 

**  *  Disease  Germs,'  p.  20. 

**  See  some  very  interesting  papers 
in  this  subject  by  Dr.  Beale,  in 
Medical  Times  and  Gaiettc,'  Sept. 
Pth,  1865,  pp.  2'73,  330. 

«'  Third  Report  of  the  R.  Comm. 
on  the  Cattle  Plague,  as  quoted  ia 
*  Oard.  Chronicle/  1866,  p.  44S. 
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rinderpest,  if  placed  in  the  blood  of  a  healthy  ox,  increases 
BO  fiMt  that  in  a  short  space  of  time  **the  whole  mass  of 
blood,  weighing  many  pounds,  is  infected,  and  every  small 
particle  of  that  blood  contains  enough  poison  to  give, 
within  less  than  forty-eight  hours,  the  disease  to  another 
"  animal." 

The  retention  of  free  and  undeveloped  gemmnles  in  the 
same  body  from  early  youth  to  old  age  will  appear  improb- 
able, but  we  should  remember  how  long  seeds  lie  dormant  in 
the  earth  and  buds  in  the  bark  of  a  tree.  Their  transmission 
from  generation  to  generation  will  appear  still  more  improb- 
able ;  but  here  again  we  should  remember  that  many  rudimen- 
tary and  useless  organs  have  been  transmitted  during  an 
indefinite  number  of  generations.  We  shall  presently  see 
how  well  the  long-continued  transmission  of  undeveloped 
gemmules  explains  many  facts. 

As  each  unit,  or  group  of  similar  units,  throughout  the 
body,  casts  off  its  gemmules,  and  as  all  are  contained  within 
the  smallest  ovule,  and  within  each  spermatozoon  or  pollen- 
grain,  and  as  some  animals  and  plants  produce  an  astonishing 
number  of  pollen-grains  and  ovules,^^  the  number  and  minute- 
ness of  the  gemmules  must  be  something  inconceivable.  But 
considcnng  how  minute  the  molecules  are,  and  how  many 
go  to  the  formation  of  the  smallest  granule  of  any  ordinary 
substance,  this  difficulty  with  respect  to  the  gemmules  is  not 
insuperable.  From  the  data  arrived  at  by  Sir  W.  Thomson, 
my  son  George  finds  that  a  cube  of  k^I^q  of  an  inch  of  glass 
or  water  must  consist  of  between  16  million  millions,  and  1 31 
thousand  million  million  molecules.  No  doubt  the  molecules 
of  which  an  organism  is  formed  are  larger,  from  being  more 
complex,  than  those  of  an  inorganic  substance,  and  probably 


**  Mr.  F.  Bnckland  found  6,867,840 
eggs  in  a  cod-fish  Q  Land  and  Water,' 
18G8,  p.  62).  An  Ascaris  producat 
about  64,000,000  eggs  (Carpenter'i 
*  Comp.  Phys.,'  1854,  p.  590).  Mr.  J. 
Scott,  of  the  Royal  Botanic  Garden 
of  Edinbnrgh,  calculated,  in  the  same 
ninnner  as  I  hare  done  for  some 
British  Qrch'>ds  ('Fertilisation  of 
Orchids,'  p.   344),   the    number    of 


seeds  in  a  capsule  of  an  Acropera 
and  found  the  number  to  be  371,250. 
Now  this  plant  produces  several 
flowers  on  a  raceme,  and  many  ra- 
cemes during  a  season.  In  an  allied 
genus,  OoDgora,  Mr.  Scott  has  seen 
twenty  capsules  produced  on  a  single 
raceme;  ten  such  racemes  on  the 
Acropera  would  yield  above  scTentv 
four  millions  of  seed. 
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many  moloculeB  go  to  the  formation  of  a  gemmule ;  but  when  we 
bear  in  mind  that  a  cube  of  jp^q^^  of  an  inch  is  much  smallor 
than  any  pollen-grain,  ovule  or  bud,  we  can  see  what  a  vast 
number  of  gemmules  one  of  these  bodies  might  contain. 

The  gemmules  derived  from  each  part  or  organ  must  be 
thoroughly  dispersed  throughout  the  whole  system.  We  know, 
for  instance,  that  even  a  minute  fragment  of  a  leaf  of  a 
Begonia  will  reproduce  the  whole  plant ;  and  that  if  a  fresh* 
water  worm  is  chopped  into  small  pieces,  each  will  reproduce 
the  whole  animal.  Considering  also  the  minuteness  of  the 
gemmules  and  the  permeability  of  all  organic  tissues,  the 
thorough  dispersion  of  the  gemmules  is  not  surprising.  That 
matter  may  be  readily  transferred  without  the  aid  of  vessels 
from  part  to  part  of  the  body,  we  have  a  good  instance  in  a 
case  recorded  by  Sir  J.  Paget  of  a  lady,  whose  hair  lost  its 
colour  at  each  successive  attack  of  neuralgia  and  recovered  it 
again  in  the  course  of  a  few  days.  With  plants,  however, 
and  probably  with  compound  animals,  such  as  corals,  the 
gemmules  do  not  ordinarily  spread  from  bud  to  bud,  but  are 
confined  to  the  parts  developed  from  each  separate  bud ;  and 
of  this  fact  no  explanation  can  be  given. 

The  assumed  elective  affinity  of  each  gemmule  for  that  par- 
ticular cell  which  precedes  it  in  due  order  of  development  is 
supported  by  many  analogies.  In  all  ordinary  cases  of  sexual 
reproduction,  the  male  and  femtJe  elements  certainly  have  a 
mutual  affinity  for  each  other :  thus,  it  is  believed  that  about 
ton  thousand  species  of  CompositsB  exist,  and  there  can  be  no 
doubt  that  if  the  pollen  of  all  these  species  could  be  simul- 
taneously or  successively  placed  on  the  stigma  of  any  one 
species,  this  one  would  elect  with  unerring  certainty  its  own 
pollen.  This  elective  capacity  is  all  the  more  wonderful, 
as  it  must  have  been  acquired  since  the  many  species 
of  this  great  group  of  plants  branched  off  from  a  common 
progenitor.  On  any  view  of  the  nature  of  sexual  repro- 
duction, the  formative  matter  of  each  part  contained  within 
the  ovules  and  the  male  element  act  on  each  other  by  some  law 
of  special  affinity,  so  that  corresponding  parts  affect  one 
another ;  thus,  a  calf  produced  from  a  short-homed  cow  by  a 
long-homed  bull  has  its  horns  affected  by  the  union  of  the 
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two  forms,  and  the  ofikpring  from  two  birds  with  diffencntly 
coloured  tails  have  their  tails  affected. 

ITie  various  tissues  of  the  body  plainly  show,  as  many  phy- 
siologists have  insisted/*  an  a£Bnity  for  special  organic  sub- 
stances, whether  natural  or  foreign  to  the  body.  "We  see  thi^ 
in  the  cells  of  the  kidneys  attracting  urea  from  the  blood ;  in 
curare  affecting  certain  nerves ;  Lytta  vencaioria  the  kidneys ; 
and  the  poisonous  matter  of  various  diseases,  as  small-pox. 
scarlet-fever,  hooping-congh,  glanders,  and  hydrophobia 
affecting  certain  definite  parts  of  the  body. 

It  has  also  been  assumed  that  the  development  of  each 
gemmule  depends  on  its  union  with  another  cell  or  unit 
which  has  just  commenced  its  development,  and  which  pre- 
cedes it  in  due  order  of  growth.  That  the  formative  matter 
within  the  pollen  of  plants,  which  by  our  hyx)othesis  consists  of 
gemmules,  can  unite  with  and  modify  the  partially  developed 
cells  of  the  mother-plant,  we  have  clearly  seen  in  the  section 
devoted  to  this  subject.  As  the  tissues  of  plants  are  formed,  as 
far  as  is  known,  only  by  the  proliferation  of  pro-existing  cells, 
we  must  conclude  that  the  gemmules  derived  from  the 
foreign  pollen  do  not  become  developed  into  new  and  separate 
cells,  but  penetrate  and  modify  the  nascent  cells  of  the  mother- 
plant.  This  process  may  be  compared  with  what  takes  place 
in  the  act  of  ordinary  fertilisation,  during  which  the  contents 
of  the  pollen-tubes  penetrate  the  closed  embryonic  sac 
within  the  ovule,  and  determine  the  development  of  the 
embryo.  According  to  this  view,  the  cells  of  the  mother- 
plant  may  almost  literally  be  said  to  be  fertilised  by  the 
gemmules  derived  from  the  foroign  pollen.  In  this  case  and 
in  all  others  the  proper  gemmules  must  combine  in  due  order 
with  pre  existing  nascent  cells,  owing  to  their  elective  affi- 
nities. A  slight  differonce  in  naturo  between  the  gemmules 
and  the  nascent  oeUs  would  be  far  from  interfering  with 
their  mutual  union  and  development,  for  we  well  know  in 
the  case  of  ordinary  roproduction  that  such  slight  differontiu- 

*•  Paii^et,  <LGctnr«s  on  Pathology/  Tiasus  Vivanti,'  pp.  177,  210,  33V; 

p.   27  ;    Virchow,   *  Cellular  Patho-  Mailer's  *  Physiology,'  Eng.  transUt., 

logy,'  translat.   by  Dr.  Chance,  pp.  p.  290. 
12a,  126,  294-  Claude  Bernai-d,  'Dm 
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tion  in  the  sexual  elements  favonrs  in  a  marked  tiianuer  their 
union  and  subsequent  development,  as  well  as  the  vigour  of 
the  offspring  thus  produced. 

Thus  far  we  have  been  able  by  the  aid  of  our  hypothesis 
to  throw  some  obscure  light  on  the  problems  which  have 
come  before  us ;  but  it  must  be  confessed  that  many  points 
remain  altogether  doubtful.  Thus  it  is  useless  to  specu- 
late at  what  penod  of  development  each  unit  of  the  body 
ca^ts  off  its  gemmules,  as  th«  whole  subject  of  the  develop- 
ment of  the  various  tissues  is  as  yet  far  from  clear.  We 
do  not  know  whether  the  gemmules  are  merely  collected  by 
some  unknown  means  at  certain  seasons  within  the  reproduc- 
tive organs,  or  whether  after  being  thus  collected  they  rapidly 
multiply  there,  as  the  flow  of  blood  to  these  organs  at  each 
breeding  season  seems  to  render  probable.  Nor  do  we  know 
why  the  gemmules  collect  to  form  buds  in  certain  definite 
places,  leading  to  the  symmetrical  growth  of  trees  and  corals. 
We  have  no  means  of  deciding  whether  the  ordinary  wear 
and  tear  of  the  tissues  is  made  good  by  means  of  gemmules, 
or  merel)'  by  the  proliferation  of  pre-existing  cells.  If 
the  gemmules  are  thus  consumed,  as  seems  probable  from 
the  intimate  connection  between  the  repair  of  waste,  re- 
growth,  and  development,  and  more  especially  from  the 
periodical  changes  which  many  male  animals  undergo  in 
colour  and  structure,  then  some  light  would  be  thrown  on 
the  phenomena  of  old  age,  with  its  lessened  power  of  re- 
production and  of  the  repair  of  injuries,  and  on  the  obscure 
subject  of  longevity.  1  he  fact  of  castrated  animals,  which 
do  not  cast  off  innumerable  gemmules  in  the  act  of  reproduc- 
tion, not  being  longer- lived  than  perfect  males,  seems  opposed 
to  the  belief  that  gemmules  are  consumed  in  the  ordinary 
repair  of  wasted  tissues ;  unless  indeed  the  gemmules  after 
being  collected  in  small  numbers  within  the  reproductive 
organs  are  there  largely  inultiplied.*^ 

That  the  same  cells  or  units  may  live  for  a  long  period  and 

**  Prof.  Rav  Lankester    has    di:>-  parAtire  Longerity  in  Man  aad  the 

coMvd   several    of   the   points    here  Lower  Ammai»,'  1870,  pp.  33,   77, 

referred  to  as  bearing  on  pangenesia,  &«*.. 
Id  hu  interesting  essajr,  *0n  Coa** 
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cx)iitinne  multiplying  without  being  modified  by  their  union 
with  free  gemmules  of  an}''  kind,  is  probable  from  such  cases 
as  that  of  the  spur  of  a  cock  which  grew  to  an  enormous  size 
when  grafted  into  the  ear  of  an  ox.  How  far  ^mits  are 
modified  during  thei^  normal  growth  by  absorbing  peculiar 
nutriment  from  the  surrounding  tissues,  independently  oi 
their  union  with  gemmules  of  a  distinct  nature,  is  another 
doubtful  point.^^  We  shall  appreciate  this  diflSculty  by 
calling  to  mind  what  complex  yet  symmetrical  growths  the 
cells  of  plants  yield  when  inoculated  by  the  poison  of  a 
gall-insect.  With  animals  various  polypoid  excrescences  and 
tumours  are  generally  admitted  '^  to  be  the  direct  product, 
through  proliferation,  of  normal  cells  which  have  become 
abnormal.  In  the  regular  growth  and  repair  of  bones,  the 
tissues  undergo,  as  Yirchow  remarks,^^  a  whole  seiies  of 
permutations  and  substitutions.  ^'  The  cartilage  cells  may 
"  be  converted  by  a  direct  transformation  into  marrow-cells, 
**  and  continue  as  such ;  or  they  may  first  be  converted  into 
^  osseous  and  then  into  medullary  tissue ;  or  lastly,  they  may 
**  first  be  converted  into  marrow  and  then  into  bone.  So 
'*  variable  are  the  permutations  of  these  tissues,  in  themselves 
so  nearly  allied,  and  yet  in  their  external  appearance  so 
completely  distinct.'*  But  as  thei^e  tissues  thus  change 
their  nature  at  any  age,  without  any  obvious  change  in  their 
nutrition,  we  must  suppose  in  accordance  with  our  hypothesis 
that  gemmules  derived  from  one  kind  of  tissue  combine 
with  the  cells  of  another  kind,  and  cause  the  succe^bive 
modifications. 

We  have  good  reason  to  believe  that  several  gemmules  are 
requisite  for  the  development  of  one  and  the  same  unit  or 
cell;  for  we  cannot  otherwise  understand  the  insufficiency 
of  a  single  or  even  of  two  or  three  pollen-grains  or  sper- 
matozoa. But  we  are  far  from  knowing  whether  tho  gemmules 
of  all  the  units  are  free  and  separate  from  one  anothei*,  or 
whether  some  are  from  the  first  united  into  small  aggregates. 

'*  Dr.  Ro6S  refers  to  this  subject  trans,  by  Dr.  Chance,  1860,  pp.  OO, 

Ml  hu  <  Graft  Theory  of  Disease,'  1872,  162,  245,  441,  454. 
p.  53.  *»  Ibid.,  pp.  412-426. 

**  Virchow,  <  Cellular  Pathology, 
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A  feather,  for  iiistanoe,  is  a  oomplox  stmcture,  and,  as  each 
separate  part  is  liable  to  inherited  variations,  I  conclude  that 
each  feather  genei-ates  a  large  number  of  gemmules ;  but  it 
is  possible  that  these  may  be  aggregated  into  a  compound 
gemmule.  The  same  remark  applies  to  the  petals  of  flowers, 
which  are  sometimes  highly  complex  structures,  with  each 
ridge  and  hollow  contrived  for  a  special  purpose,  so  that 
each  part  must  have  been  separately  modified,  and  the 
modifications  transmitted ;  consequently,  separate  gemmules, 
according  to  our  hypothesis,  must  have  been  thrown  off  from 
each  cell  or  unit.  But,  as  we  sometimes  see  half  an  anther 
or  a  small  portion  of  a  filament  becoming  petali-form,  or  parts 
or  mere  stripes  of  the  calyx  assuming  the  colour  and  texture 
of  the  corolla,  it  is  probable  that  with  petals  the  gemmules 
of  each  pell  are  not  aggregated  together  into  a  compound 
gemmule,  but  are  free  and  separate.  Even  in  so  simple  a 
case  as  that  of  a  perfect  cell,  with  its  protoplasmic  contents, 
nucleus,  nucleolus,  and  walls,  we  do  not  know  whether  or 
not  its  development  depends  on  a  compound  gemmule  derived 
from  each  part.'^* 

Having  now  endeavoured  to  show  that  the  several  fore- 
going assumptions  are  to  a  certain  extent  supported  by  analo- 
gous facts,  and  having  alluded  to  some  of  the  most  doubtful 
points,  we  will  consider  how  far  the  hypothesis  brings  under 
a  single  point  of  view  the  various  cases  enumerated  in  the 
First  Part.  All  the  forms  of  reproduction  graduate  into  one 
another  and  agree  in  their  product;  for  it  is  impossible  to 
distinguish  between  organisms  produced  from  buds,  from  self- 
division,  or  from  fertilised  germs ;  such  organisms  are  liable  to 
variations  of  the  same  nature  and  to  reversions  of  the  same 
kind ;  and  as,  according  to  our  hypothesis,  all  the  forms  of  re- 
production depend  on  the  aggregation  of  gemmules  derived 
from  the  whole  body,  we  can  understand  this  remarkable 
agreement.  Parthenogenesis  is  no  longer  wonderful,  and  it 
we  did  not  know  that  great  good  followed  from  the  union  of 
the  sexual  elements  derived  from  two  distinct  individuals,  the 

**  Soe  some  good  criticismB  on  this       Lewtt  in  the  *  Fortnightly  Revi«W| 
head  hj  Delpino,  and  b/  Mr.  G.  H.       Not.  1,  1868,  p.  509. 
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wonder  would  be  that  parthenogenesis  did  not  occur  much 
oftener  than  it  does.  On  any  ordinary  theory  of  reproduction 
the  formation  of  graft-hybrids,  and  the  action  of  the  male 
element  on  the  tissues  of  the  mother-plant,  as  well  as  on  the 
future  progeny  of  female  animals,  are  great  anomalies ;  but 
they  are  intelligible  on  our  hypothesis,  llie  reproductiTe 
organs  do  not  actually  create  the  sexual  elements;  they 
merely  determine  the  aggregation  and  perhaps  the  multipli- 
cation of  the  gemmules  in  a  special  manner.  These  organs, 
however,  tc^ther  with  their  accessory  parts,  have  high 
functions  to  perform.  They  adapt  one  or  both  elements  for 
independent  temporary  existence,  and  for  mutual  union.  The 
stigmatic  secretion  acts  on  the  pollen  of  a  plant  of  the  same 
species  in  a  wholly  different  manner  to  what  it  does  on 
the  pollen  of  one  belonging  to  a  distinct  genus  or  family. 
The  spermatophores  of  the  Cephalopoda  are  wonderfully 
complex  structures,  which  were  formerly  mistaken  for  para- 
sitic worms ;  and  the  spermatozoa  of  some  animals  possess 
attributes  which,  if  observed  in  an  independent  animal,  would 
be  put  down  to  instinct  guided  by  sense-organs, — as  when 
th«)  spermatozoa  of  an  insect  find  their  way  into  the  minute 
micropyle  of  the  egg. 

The  antagonism  which  has  long  been  observed,^^  with 
certain  exceptions,  between  growth  and  the  power  of  sexual 
reproduction  *• — between  the  repair  of  injuries  and  gemma- 
tion—  and  with  plants,  between  rapid  increase  by  buds, 
rhizomes,  &c.,  and  the  production  of  seed,  is  partly  explained 
by  the  gemmules  not  existing  in  sufficient  numbers  for  these 
processes  to  be  carried  on  simultaneously. 


**  Mr.  Herbert  Spencer  CPriDci- 
ples  of  Biology/  toI.  ii.  p.  430)  has 
fully  discussed  this  antagonism. 

^  The  male  salmon  is  knoim  to 
breed  at  a  rerj  earlj  age.  The 
Triton  and  Siredon,  whilst  retaining 
their  larral  branchiie,  according  to 
Filippi  and  Dnm^ril  ('Annals  and 
Mag.  of  Nat.  Hist.,'  3rd  series,  1866, 
p.  157),  are  capable  of  reproduction. 
Ernst  Haeckelhas  recently  (*Monats- 
bericht  Akad.  Wiss.  Berlin,'  Feb.  2nd, 
1865)  obetrred  the  surprising  case 


of  a  medusa,  with  iu  reprodnctive 
organs  actire,  which  produces  bj 
budding  a  widely  different  form  of 
medusa ;  and  this  latter  also  has  the 
power  of  sexoal  reproduction.  Krohn 
has  shown  (*  Annals  and  Mag.  of 
Nat.  Hist.,'  Srd  series,  toI.  ziz.,  !8C2, 
p.  6)  that  certain  other  medusc, 
whilst  sexually  mature,  propagata 
by  gcmmse.  See,  also,  Kolliker, 
*Morphologie  und  Eitwickelttngsge* 
sohichte  des  PennatiilidenBtaBnMii 
1872,  p.  12. 
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Hardly  any  fact  in  ph^isiology  is  more  wonderful  tban  the 
power  of  re-growth ;  for  instance,  that  a  snail  should  be  aile 
to  reproduce  its  head,  or  a  salamander  its  eyes,  tail,  and  legs, 
exactly  at  the  points  where  tliey  have  been  cut  o£f.  Such 
cases  are  explained  by  the  presence  of  gemmules  derived  from 
each  part,  and  disseminated  throughout  the  body.  I  have 
heard  the  process  compared  with  that  of  the  repair  of  the 
broken  angles  of  a  crystal  by  re-crystallisation ;  and  the  two 
processes  have  this  much  in  common,  that  in  the  one  case 
the  polarity  of  the  molecules  is  the  efficient  cause,  and  in  the 
other  the  affinity  of  the  gemmules  for  particular  nascent  cells. 
But  we  have  here  to  encounter  two  objections  which  apply 
not  only  to  the  re-growth  of  a  part,  or  of  a  bisected  individual, 
but  to  fissiparous  generation  and  budding.  The  first  objection 
is  that  the  part  which  is  reproduced  is  in  the  same  stage  of 
development  as  that  of  the  being  which  has  been  operated  on 
or  bisected;  and  in  the  case  of  buds,  that  the  new  beings  thus 
produced  are  in  the  same  stage  as  that  of  the  budding  parent. 
ThuB  a  mature  salamander,  of  which  the  tail  has  been  cut 
oft',  does  not  reproduce  a  larval  tail ;  and  a  crab  does  not 
reproduce  a  larval  leg.  In  the  case  of  budding  it  was 
shown  in  the  first  part  of  this  chapter  that  the  new  being 
thus  produced  does  not  retrograde  in  development, — that 
is,  does  not  pass  through  those  earlier  stages,  which  the 
fertilised  germ  has  to  pass  through.  Nevertheless,  the  organ- 
isms operated  on  or  multiplying  themselves  by  buds  must, 
by  our  hypothesis,  include  innumerable  gemmules  derived 
from  every  part  or  unit  of  the  earber  stages  of  development ; 
and  why  do  not  such  gemmules  reproduce  the  amputated 
part  or  the  whole  body  at  a  corresponding  early  stage  of 
development? 

The  second  objection,  which  has  been  insisted  on  by  Delpino, 
is  that  the  tissues,  for  instance,  of  a  mature  salamander  or  crab, 
of  which  a  limb  has  been  removed,  are  already  differentiated 
and  have  passed  through  their  whole  course  of  development , 
and  how  can  such  tissues  in  accordance  with  our  hypothesis 
attract  and  combine  with  the  gemmules  of  the  part  whicth  ia 
to  be  reproduced  ?  In  answer  to  thet-e  two  objections  we  must 
bear  in  mind  the  evidence  which  hae  been  advanced,  showing 
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that  at  least  in  a  large  number  of  cases  the  power  of  re  growth 
ifi  a  localised  faculty,  acquired  for  the  sake  of  repairing  special 
injuries  to  which  each  particular  creature  is  liable ;  and  in 
the  cajne  of  buds  or  fissiparous  generation,  for  the  sake  of 
quickly  multiplying  the  organism  at  a  period  of  life  when  it 
can  be  supported  in  large  numbers.  These  considerations 
lead  us  to  believe  that  in  all  such  cases  a  stook  of  nascent  cells 
or  of  partially  developed  gemmules  are  retained  for  this 
special  purpose  either  locally  or  throughout  the  body,  ready 
to  combine  with  the  gemmules  derived  from  the  cells  which 
come  next  in  due  succession.  If  this  be  admitted  we  have  a 
sufficient  answer  to  the  above  two  objections.  Anyhow,  pan- 
genesis seems  to  throw  a  considerable  amount  of  light  on  the 
wonderful  power  of  re-growth. 

It  follows,  also,  from  the  view  just  given,  that  the  sexual 
elements  differ  from  buds  in  not  including  nascent  cells  or 
gemmules  in  a  somewhat  advanced  stage  of  development,  so 
that  only  the  gemmules  belonging  to  the  earliest  stages  are 
first  developed.  As  young  animals  and  those  which  stand 
low  in  the  scale  generally  have  a  much  greater  capacity  fur 
re-growth  than  older  and  higher  animals,  it  would  also  appear 
that  they  retain  cells  in  a  nascent  state,  or  partially  developed 
gemmules,  more  readily  than  do  animals  which  have  already 
passed  through  a  long  series  of  developmental  changes.  I 
may  here  add  that  although  ovules  can  be  detected  in  most 
or  all  female  animals  at  an  extreDiely  early  age,  thei'e  is  no 
reason  to  doubt  that  gemmules  derived  from  parts  modified 
during  maturity  can  pass  into  the  ovules. 

With  respect  to  hybridism,  pangenesis  agrees  well  with 
most  of  the  ascertained  facts.  We  must  believe,  as  pre- 
viously shown,  that  several  gemmules  are  requisite  for 
the  development  of  each  cell  or  unit.  But  from  the  occur- 
rence of  parthenogenesis,  more  especially  from  those  cases 
in  which  an  embryo  is  only  partially  formed,  we  may  infer 
that  the  female  element  generally  includes  gemmules  in  nearly 
sufficient  number  for  independent  development,  so  that  when 
united  with  the  male  element  the  gemmules  are  superabun- 
dant. Now,  when  two  species  or  races  are  crossed  reciprocally, 
the  offspring  do  not  commonly  differ,  and  this  shows  that  the 
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■exual  elemoiits  agree  in  power,  in  accordance  with  the  view 
that  both  include  the  same  gemmules.  Hybrids  and  mongrels 
are  also  generally  intermediate  in  character  between  the  two 
parent-forms,  yet  occasionally  they  closely  resemble  one 
parent  in  one  part  and  the  other  parent  in  another  part,  or 
even  in  their  whole  structure :  nor  is  this  difficult  to  under- 
stand on  the  admission  that  the  gemmules  in  the  fertilised 
gorm  are  superabundant  in  number,  and  that  those  derived 
from  one  parent  may  have  some  advantage  in  number, 
affinity,  or  vigour  over  those  derived  from  the  other  parent. 
Crossed  forms  sometimes  exhibit  the  colour  or  other  characters 
of  either  parent  in  stripes  or  blotches ;  and  this  occurs  in 
the  first  generation,  or  through  reversion  in  succeeding  bud 
and  seminal  generations,  of  which  fact  several  instances  were 
given  in  the  eleventh  chapter.  In  these  cases  we  must 
follow  Naudin,''  and  admit  that  the  "  essence"  or  " element ** 
of  the  two  species, — terms  which  I  should  translate  into  the 
gemmules, — have  an  affinity  for  their  own  kind,  and  thus 
separate  themselves  into  distinct  stripes  or  blotches;  and 
reasons  were  given,  when  discussing  in  the  fifteenth  chapter 
the  incompatibility  of  certain  characters  to  unite,  for  believing 
in  such  mutual  affinity.  When  two  forms  are  crossed,  one 
is  not  rarely  found  to  be  prepotent  in  the  transmission  of 
its  characters  over  the  other;  and  this  we  can  explain  by 
again  assuming  that  the  one  form  has  some  advantage  over 
the  other  in  the  number,  vigour,  or  affinity  of  its  gemmules. 
In  some  cases,  however,  certain  characters  are  present  in  the 
ODO  form  and  latent  in  the  other ;  for  instance,  there  is  a 
latent  tendency  in  all  pigeons  to  become  blue,  and,  when  a 
blue  pigeon  is  crossed  with  one  of  any  other  colour,  the  blue 
tint  is  generally  prepotent.  The  explanation  of  this  foiTU  of 
prepotency  will  be  obvious  when  we  come  to  the  considera- 
tion of  Reversion. 

When  two  distinct  species  are  crossed,  it  is  notorious  that 
they  do  not  yield  the  full  or  proper  number  of  offspring ; 
and  we  can  only  say  on  this  head  that,  as  the  developm^^nt 
of  each  organism  depends  on  such  nicely-balanced  affinities 

**  See  his  eic<^ilent  discvscioii  on  this  subject  in  'Nouvc^leii  ArchiTe*  dv 
MuiMuni/  torn.  i.  p.  151. 
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botween  a  hoet  of  gemmtileB  and  nament  oells,  we  need  not 
feel  at  all  surprised  that  the  oommixture  of  gemmnles  derived 
from  two  distinct  species  should  lead  to  partial  or  complete 
failure  of  development.  With  respect  to  the  sterility  of 
hybrids  produced  from  the  union  of  two  distinct  species,  it 
was  shown  in  the  nineteenth  chapter  that  this  depends  ex- 
clusively on  the  reproductive  organs  being  specially  afifeoted ; 
but  why  these  organs  should  be  thus  affected  we  do  not 
know,  any  more  than  why  unnatural  conditions  of  life, 
though  compatible  with  health,  should  cause  sterility;  or 
why  continued  close  interbreeding,  or  the  illegitimate  unions 
of  heterostyled  plants,  induce  the  same  result.  The  con- 
clusion that  the  reproductive  organs  alone  are  affected,  and 
not  the  whole  organisation,  agrees  perfectly  with  the  un- 
impaired or  even  increased  capacity  in  hybrid  plants  for 
propagation  by  buds;  for  this  implies,  according  to  our 
hypothesis,  that  the  oells  of  the  hybrids  throw  off  hybridised 
gemmules,  which  become  aggregated  into  buds,  but  fail  to 
become  aggregated  within  the  reproductive  organs,  so  as 
to  form  the  sexual  elements.  In  a  similar  manner  many 
plants,  when  placed  under  unnaturfd  conditions,  fail  to 
produce  seed,  but  can  readily  be  propagated  by  buds.  We 
shall  presently  see  that  pangenesis  agrees  well  with  the 
strong  tendency  to  reversion  exhibited  by  all  crossed  animals 
and  plants. 

Each  organism  reaches  maturity  through  a  longer  or 
shorter  course  of  growth  and  development :  the  former  term 
being  confined  to  mere  inci*eeuse  of  size,  and  development 
to  changed  structure.  The  changes  may  be  small  and 
insensibly  slow,  as  when  a  child  grows  into  a  man,  or  many, 
abrupt,  and  slight,  as  in  the  metamorphoses  of  certaiil 
ephemerous  insects,  or,  again,  few  and  sirongly-marked,  aa 
with  most  other  insects.  Each  newly  formed  part  may  be 
moulded  within  a  previously  existing  and  corresponding 
part,  and  in  this  case  it  will  appear,  f  ilsely  as  I  believe,  to 
be  developed  from  the  old  part ;  or  it  may  be  formed  within 
a  distinct  part  of  the  body,  as  in  the  uxtreme  cases  of 
metagenesis.  An  eye,  for  instance,  may  bo  developed  at  a 
spot  whore  no  eye  previously  existed.    We  have  also  soon 
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that  allied  organic  beings  in  the  oonrse  of  their  motamorphoses 
BometimeB  attain  nearly  the  same  structure  after  passing 
through  widely  dilTerent  forms ;  or  conversely,  after  passing 
thrt^ugh  nearly  the  same  early  forms,  arrive  at  widely  different 
mature  forms.     In  these  cases  it  is  very  di£Bcult  to  accept 
the  common  view  that  the  firat-formed  cells  or  units  possess 
the  inherent  ]'Ower,  independently  of  any  external  agency,  of 
producing  new  structures  wholly  different  in  form,  position, 
and  function.      But  all  these  cases  become  plain  on  the 
hypothesis  of  pangenesis.     The  units,  during  each  stage  of 
development,  throw  off  gemmules,  which,  multiplying,  are 
transmitted  to  the  offspring.     In  the  offspring,  as  soon  aa 
any  particular  cell  or  unit  becomes  partially  developed,  it 
unites  with  (or,  to  speak  metaphorically,  is  fertilised  by)  the 
geuimule  of  the  next  succeeding  cell,  and  so  onwards.     But 
organisms  have  often  been  subjected  to  changed  conditions 
of  life  at  a  certain  stage  of   their  development,   and  in 
consequence  have  been  slightly  modified ;  and  the  gemmules 
cast  off  from  such  modified  parts  will  tend  to  reproduce  parts 
modified  in  the  same  manner.     This  process  may  bo  repeated 
until  the  structure  of  the  part  becomes  greatly  changed  at 
one  particular  stage  of  development,  but  this  will  not  ne- 
cessarily affect  other  parts,  whether  previously  or  subsequently 
formed.     In  this  manner  we  can  understand  the  remarkable 
independence  of  structure  in  the  successive  mctamor^ihoses, 
and  es[)ecially  in  the  successive  metageneses  of  many  animals. 
In  the  case,  however,  of  diseases  which  supc^rvene  during  old 
age,  subsequently  to  the  ordinary  period  of  procreation,  and 
which,  nevertheless,  are  sometimes  inherited,  as  occui'S  with 
brain  and  heart  complaints,  we  mu8t  suppose  that  the  organs 
were  affected  at  an  early  age  and  threw  off  at  this  {leriod 
affected  gemmules ;  but  that  the  affection  became  visible  or 
injurious  only  after  the  prolonged  growth,  in  the  strict  sense 
of  the  word,  of  the  part.     In  all  the  changes  of  structure 
wliich  regularly  supervene  during  old  age,  we  probably  see 
the  effects  of  deteriorated  growth,  and  not  of  true  develop- 
ment. 

The  principle  of  the  independent  formation  of  each  part, 
owing  to  the  union  of  the  proper  gemmules  with  certain 
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Basoent  cells,  together  with  the  superabundance  of  th^  geu:- 
mules  derived  from  both  -parents,  and  the  subsequent  self- 
multiplication  of  the  gemmules,  throws  light  on  a  widely 
different  group  of  facts,  which  on  any  ordinary  view  of 
development  appears  very  strange.  I  allude  to  organs  which 
are  abnormally  transposed  or  multiplied.  For  instance,  a 
cun'one  nase  has  been  recorded  by  Dr.  Elliott  Coues  **  of  a 
monstrous  chicken  with  a  perfect  additional  right  leg  ai*ticu- 
lated  to  the  le/t  side  of  the  pelvis.  Gold-fish  often  have 
supernumerary  fins  placed  on  various  part«  of  their  bodies. 
When  the  tail  of  a  lizard  is  broken  off,  a  double  tail  is  some- 
times reproduced;  and  when  the  foot  of  the  salamander 
was  divided  longitudinally  by  Bonnet,  additional  digits 
were  occasionally  formed.  Valentin  injured  the  caudal 
extremity  of  an  embryo,  and  three  days  afterwards  it 
produced  rudiments  of  a  double  pelvis  and  of  double  hind- 
limbs.**  When  frogs,  toads,  <fec.,  are  bom  with  their  limbs 
doubled,  as  sometimes  happens,  the  doubling,  as  Gervais 
remarks,*®  cannot  be  due  to  the  complete  fusion  of  two 
embryos,  with  the  exception  of  the  limbs,  for  the  larvse  are 
limbless.  The  same  argument  is  applicable  "^  to  certain 
insects  produced  with  multiple  legs  or  antenna,  for  these  are 
metamorphosed  from  apodal  or  antennse-less  larvae.  Alphonse 
Milne-Edwards  '^  has  described  the  curious  case  of  a  crusta- 
cean in  which  one  eye-peduncle  supported,  instead  of  a  com- 
plete eye,  only  an  imperfect  cornea,  and  out  of  the  centre  of 
this  a  portion  of  an  antenna  was  developed.  A  case  has  been 
recorded  *^  of  a  man  who  had  during  both  dentitions  a  double 
tooth  in  place  of  the  left  second  incisor,  and  he  inherited  this 
peculiarity  from  his  paternal  grandfather.  Several  cases  are 
known**  of  additional  teeth  having  been  developed  in  the 
orbit  of  the  eye,  and,  more  especially  with  horses,  in  the  palate. 

»•  *  Proc.  BoBton  Soc  of  Nat.  Hist./  de  rHomme,*  &c,,  1862,  p.  129. 

republish«d   in   *  Scientific    Opinion,'  **  Giinther's   'Zoological    Record,' 

Not.  10,  1869,  p.  488.  1864,  p.  i>79. 

*•  Todd's  'Cyclop,    of  Anat.  and  •'  Sedgwick,  in  ' Medlco-Chirurg. 

Phys.,'  vol.  Iv.,  1849-52,  p.  975.  Review,'  April,  1863,  p.  454. 

••  *  Compte  l^ndns,'  Nov.  14, 1865,  •*  Isid.      Ocoflroj     Saint-IIilaira, 

p.  800.  'Hist,  des  Anomalies,'  torn.  I,  1832, 

*^  At    preTioQslj    remarked     by  pp.  435,  657 ;  and  torn.  il.  p.  560. 
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Hairs  oocasionally  appear  in  Strang  3  situations,  as  **  within 
the  suhstanoe  of  the  brain."  **  Certain  breeds  of  sheep  bear 
a  whole  crowd  of  horns  on  their  foreheads.  As  many  as  five 
spurs  have  been  seen  on  both  legs  of  certain  Qame-fowls.  In 
the  Polish  fowl  the  male  is  ornamented  with  a  topknot  of 
hackles  like  those  on  his  neck,  whilst  the  female  has  a  top- 
knot formed  of  common  feathers.  In  feather-footed  pigeons 
and  fowls,  feathers  like  those  on  the  wing  arise  from  the 
outer  side  of  the  legs  and  toes.  Even  the  elemental  parts  of 
the  same  feather  may  be  transposed ;  for  in  the  Sebastopol 
goose,  barbules  are  developed  on  the  divided  filaments  of  the 
shaft.  Imperfect  nails  sometimes  appear  on  the  stumps  of 
the  amputated  fingers  of  man ;  ^^  and  it  is  an  interesting  fact 
that  with  the  snake-like  Saurians,  which  present  a  series 
with  more  and  more  imperfect  limbs,  the  terminations  of  the 
phalanges  first  disappear,  '*  the  nails  becoming  transferred  to 

their  proximal  remnants,  or  even  to  parts  which  are  not 

phalanges."  "^ 

Analogous  cases  are  of  such  frequent  occurrence  with  plants 
that  they  do  not  strike  us  with  sufficient  surprise.  Super- 
numerary petals,  stamens,  and  pistils,  are  often  produced.  I 
have  seen  a  leaflet  low  down  in  the  compound  leaf  of  Vida 
tativa  replaced  by  a  tendril ;  and  a  tendril  possesses  many 
peculiar  properties,  such  as  spontaneous  movement  and  irrita- 
bility. The  calyx  sometimes  assumes,  either  wholly  or  by 
stiipes,  the  colour  and  texture  of  the  corolla.  Stamens  are  so 
frequently  converted  into  petals,  more  or  less  completely,  that 
such  cases  are  passed  over  as  not  deserving  notice ;  but  as 
petals  have  special  functions  to  perform,  namely,  to  protect 
the  included  organs,  to  attract  insects,  and  in  not  a  few  cases 
to  guide  their  entrance  by  well>adapted  contrivances,  we  can 
hardly  account  for  the  conversion  of  stamens  into  petals  merely 
by  unnatural  or  superfluous  nourishment.  Again,  the  edge  of 
a  petal  may  occasionally  be  found  including  one  of  the 
highest  products  of  the  plant,  namely,  pollen ;  for  instance, 

•»  Virchow,  <CelliiUr  Pathology,'  tome. 
1860,  p.  66.  *'  Dr.   Fttrbrioger,  <I>ie  Knocboi 

**  *  If  tiller's  PhyB.,*  Eng.  Translat,  etc.     bei      den    schlangen&hDlicheii 

vol.  i.,  1833,  p.  407.    A  case  of  this  Sauriera,'  as  reriewed  in  *  Jotumal  of 

kind  has  lately  been  communicated  Anat.  and  Phya.,'  May,  1870,  p.  28d. 
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I  have  seen  the  pollen-mass  of  an  Ophrys,  wliich  is  a  very 
oomplox  structure,  developed  in  the  edge  of  an  upper 
petal.  The  segments  of  the  calyx  of  the  common  pea  have 
been  observed  partially  converted  into  carpels,  including 
ovules,  and  with  their  tips  converted  into  stigmas.  Mr. 
Salter  and  Dr.  Maxwell  Masters  have  found  pollen  within 
the  ovules  of  the  passion-dower  and  of  the  rose.  Buds  may 
be  developed  in  the  most  unnatural  positions,  as  on  the  petal 
of  a  flower.     Numerous  analogous  facts  could  be  given.*^ 

I  do  not  know  how  physiologists  look  at  such  facts  as  the 
foregoing.  According  to  the  doctrine  of  pangenesis,  the 
gemmules  of  the  transposed  organs  become  developed  in  the 
wrong  place,  from  uniting  with  wrong  cells  or  aggregates  of 
oells  during  their  nascent  state ;  and  this  would  follow  from 
a  slight  modification  in  their  elective  affinities.  Nor  ought 
we  to  feel  much  surprise  at  the  affinities  of  oells  and  gem- 
mules  varying,  when  we  remember  the  many  curious  cases 
given  in  the  seventeenth  chapter,  of  plants  which  absolutely 
refuse  to  be  fertilised  by  their  own  pollen,  though  abun« 
dantly  fertile  with  that  of  any  other  individual  of  the 
same  species,  and  in  some  cases  only  with  that  of  a  distinct 
species.  It  is  manifest  that  the  sexual  elective  affinities 
of  such  plants — to  use  the  term  employed  by  GkLrtner—have 
been  modified.  As  tho  oells  of  adjoining  or  homologous 
parts  will  have  nearly  the  same  nature,  they  will  be  particu^ 
larly  liable  to  acquire  by  variation  each  other's  elective 
affinities ;  and  we  can  thus  understand  to  a  certain  extent 
such  cases  as  a  crowd  of  horns  on  the  heads  of  certain  sheep, 
of  several  spurs  on  the  legs  of  fowls,  hackle-like  feathers  on  the 
heads  of  the  males  of  other  fowls,  and  with  the  pigeon  wing- 
like feathers  on  their  legs  and  membrane  between  their  toes, 
£or  the  leg  is  the  homologue  of  the  wing.  As  all  the  organs 
of  plants  are  homologous  and  spring  from  a  common  axis,  it 
is  natural  that  they  should  be  eminently  liable  to  transposi- 
tion.   It  ought  to  be  observed  that  when  any  compound  part, 

**  Moqnm-Taadon,     'T^atologie  Masters    in   'Science    Review,'  Oct. 

V<g.,'  1841,  pp.  218,  220,  353.     F:?r  1873,    p.    369.      The    Rer.    J.    M. 

the  case  of  the  pea,  tee  *  Gardener's  Berkeley  describes  a  bad  developed 

Chron.,'  1866,  p.  897.     With  respect  on   a  petal  of  a  Clarkia,  in  <  Qti4, 

to   pollen    vithin    ornlea,    tee   Dr.  Chronid«|'  April  28, 1866. 
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«ach  as  an  additional  limb  or  an  antenna,  springs  from  a  false 
po^iition,  it  is  only  necessary  that  the  few  first  gemmnles 
should  be  wrongly  attached;  for  these  whilst  developing 
would  attract  other  gemmules  in  due  succession,  as  in  the 
re-growth  of  an  amputated  limb.  When  parts  which  are 
homologous  and  similar  in  structure,  as  the  vertebra  of 
snakes  or  the  stamens  of  polyandrous  flowers,  &c.,  are  re- 
peated many  times  in  the  same  organism,  closely  aUied 
gemmules  must  be  extremely  numerous,  as  well  as  the  points 
to  which  they  ought  to  become  united ;  and,  in  accordanco 
with  the  foregoing  views,  we  can  to  a  certain  extent  under 
stand  Isid.  Geoffroy  Saint-Hilaire*s  law,  that  parts,  which  are 
already  multiple,  are  extremely  liable  to  vary  in  number. 

Variability  often  depends,  as  I  have  attempted  to  show, 
on  the  reproductive  organs  being  injuriously  aflected  by 
changed  conditions ;  and  in  this  case  the  gemmules  derived 
from  the  various  parts  of  the  body  are  probably  aggregated 
iji  an  irregular  manner,  some  superfluous  and  others  deficient. 
Whether  a  superabundance  of  gemmules  would  lead  to  the 
increased  size  of  any  part  cannot  be  told ;  but  we  can  see 
that  their  partial  deficiency,  without  necessarily  leading  to 
the  entire  abortion  of  the  part,  might  cause  considerable 
modifications ;  for  in  the  same  manner  as  plants,  if  their  own 
pollen  be  excluded,  are  easily  hybridised,  so,  in  the  case  of 
cells,  if  the  properly  succeeding  gemmules  were  absent, 
they  would  probably  combine  easily  with  other  and  allied 
gemmules,  as  we  have  just  seen  with  transposed  parts. 

In  variations  caused  by  the  direct  action  of  changed  con- 
ditions, of  which  several  instances  have  been  given,  certain 
]>arts  of  the  body  are  directly  affected  by  the  new  conditions, 
and  consequently  throw  off  modified  gemmules,  which  are 
transmitted  to  the  offspring.  On  any  ordinary  view  it  is 
unintelligible  how  changed  conditions,  whether  acting  on  the 
embryo,  the  young  or  the  adult,  can  cause  inherited  modifica- 
tions. It  is  equally  or  even  more  unintelligible  on  any 
ordinary  view,  how  the  effects  of  the  long-continued  use  or 
disuse  of  a  part,  or  of  changed  habits  of  body  or  mind,  can  ba 
inherited.     A  more  perplexing  problem  can  hardly  be  pro- 
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posed ;  bat  on  our  view  we  have  only  to  suppose  that  oertam 
oolla  boGome  at  last  structurally  modified;  and  that  these 
throw  o£f  similarly  modified  gemmules.  This  may  occur 
at  any  period  of  development,  and  the  modification  will  bo 
inherited  at  a  corresponding  period ;  for  the  modified  gem- 
mules  will  unite  in  all  ordinary  cases  with  the  proper  pre* 
ceding  cells,  and  will  consequently  be  developed  at  the 
same  period  at  which  the  modification  first  arose.  With 
respect  to  mental  habits  or  instincts,  we  are  so  profoundly 
ignorant  of  the  relation  between  the  brain  and  the  power  of 
thought  that  we  do  not  know  positively  whether  a  fixed  habit 
induces  any  change  in  the  nervous  system,  though  this  seems 
highly  probable ;  but  when  such  habit  or  other  mental  at- 
tribute, or  Insanity,  is  inherited,  we  must  believe  that  some 
actual  modification  is  transmitted  ;^'  and  this  implies,  accord- 
ing to  our  hypothesis,  that  gemmules  derived  from  modified 
nerve -cells  are  transmitted  to  the  offspring. 

It  is  generally  necessary  that  an  organism  should  be  ex- 
posed during  several  generations  to  changed  conditions  or 
habits,  in  order  that  any  modification  thus  acquired  should 
appear  in  the  ofispring.  This  may  be  partly  due  to  the 
changes  not  being  at  first  marked  enough  to  catch  attention, 
but  this  explanation  is  insufficient ;  and  I  can  account  for  the 
fact  only  by  the  assumption,  which  we  shall  see  under  the 
head  of  reversion  is  strongly  supported,  that  gemmules  derived 
from  each  unmodi6ed  unit  or  part  are  transmitted  in  large 
numbers  to  successive  generations,  and  that  the  gemmules 
derived  from  the  same  unit  after  it  has  been  modified  go  on 
multiplying  under  the  same  favourable  conditions  which  first 
caused  the  modification,  until  at  last  they  become  sufficiently 
numerous  to  overpower  and  supplant  the  old  gemmules. 

A  difficulty  may  be  here  noticed ;  we  have  seen  that  there 
is  an  important  difference  in  the  frequency,  though  not  in 
the  nature,  of  the  variations  in  plants  propagated  by  sexual 
and  asexual  generation.  As  far  as  variability  depends  on 
the  imperfect  action  of  the  reproductive  organs  under  changed 
conditions,  we  can  at  onoe  see  why  plants  propagated  asoxually 

**  See  some  remarks  to  thii  eflect  by  Sir  H.  Holland  in  his  'Hsdicai 
Notes/  18^9,  p.  32. 


3.10  PROVISIONAL  HYPOTHESIS         Chap.  XXVIL 

■hould  be  far  lesB  variable  than  thoee  propagated  sexually. 
With  respect  to  the  direct  action  of  changed  conditions,  we 
know  that  organisms  prodnced  from  bnds  do  not  pass  through 
the  earlier  phases  of  development;  thej  will  therefore  not 
be  exposed,  at  that  period  of  life  when  structure  is  most 
readily  modified,  to  the  varions  causes  inducing  variability 
in  the  same  manner  as  are  embryos  and  young  larval  forms ; 
but  whether  this  is  a  BuflScient  explanation  I  know  not. 

With  respect  to  variations  due  to  reversion,  there  is  a 
similar  difference  between  plants  propagated  from  buds  and 
seeds.  Many  varieties  can  be  propagated  securely  by  buds, 
but  generally  or  invariably  revert  to  their  parent-forms  by 
seed.  So,  also,  hybridised  plants  can  be  multiplied  to  any 
extent  by  buds,  but  are  continually  liable  to  reversion  by 
seed, — that  is,  to  the  loss  of  their  hybrid  or  intermediate  cha- 
racter. I  can  offer  no  satisfactory  explanation  of  these  facts. 
Plants  with  variegated  leaves,  phloxes  with  striped  flowers, 
barberries  with  seedless  fruit,  can  all  be  securely  propagated 
by  buds  taken  from  the  stem  or  branches ;  but  buds  from  the 
roots  of  these  plants  almost  invariably  lose  their  character 
and  revert  to  their  former  condition,  lliis  latter  fact  is  also 
inexplicable,  unless  buds  developed  from  the  roots  are  as 
distinct  from  those  on  the  stem,  as  is  one  bud  on  the  stem 
from  another,  and  we  know  that  these  latter  behave  like 
independent  organisms. 

Finally,  we  see  that  on  the  hypothesis  of  pangenesis  varia- 
bility depends  on  at  least  two  distinct  groups  of  causes. 
Firstly,  the  deficiency,  superabundance,  and  transposition  of 
gemmules,  and  the  redevelopment  of  those  which  have  long 
been  dormant ;  the  gemmules  themselves  not  having  under- 
gone any  modification ;  and  such  changes  will  amply  account 
for  much  fluctuating  variability.  Secondly,  the  direct  action 
of  changed  conditions  on  the  organisation,  and  of  the  increased 
use  or  disuse  of  parts  ;  and  in  this  case  the  gemmules  from 
the  modified  units  will  be  themselves  modified,  and,  when 
hufficiently  multiplied,  will  supplant  the  old  gemmules  and 
be  developed  into  new  structures. 

Turning  now  to  the  laws  of  Inheritance.    If  we  suppose  a 
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homogeneous  gelatinoos  protozoon  to  vary  and  afisome  a 
rcMldiflh  oolotir,  a  minute  separated  particle  would  naturally, 
as  it  grew  to  full  size,  retain  the  same  colour ;  and  we  should 
have  the  simplest  form  of  inheritance.^^  Precisely  the  same 
view  may  be  extended  to  the  infinitely  numerous  and  diversi- 
fied units  of  which  the  whole  body  of  one  of  the  higher 
animals  is  composed;  the  separated  particles  being  our 
gemmules.  We  have  already  sufficiently  discussed  by  impli- 
cation, the  important  principle  of  inheritance  at  corresponding 
ages.  Inheritance  as  limited  by  sex  and  by  the  season  of  the 
year  (for  instance  with  animals  becoming  white  in  winter)  is 
intelligible  if  we  may  believe  that  the  elective  affinities  of  the 
units  of  the  body  are  slightly  different  in  the  two  sexes, 
especially  at  maturity,  and  in  one  or  both  sexes  at  different 
seasons,  so  that  they  unite  with  different  gemmules.  It 
should  be  remembered  that,  in  the  discussion  on  the  abnormal 
transposition  of  organs,  we  have  seen  reason  to  believe  that 
such  elective  affinities  are  readily  modified.  But  I  shall  soon 
have  to  recur  to  sexual  and  seasonal  inheritance.  These 
several  laws  are  therefore  explicable  to  a  large  extent 
through  pangenesis,  and  on  no  other  hypothesis  which  has  as 
yet  been  advanced. 

But  it  appears  at  first  sight  a  fatal  objection  to  our  hypo- 
thesis that  a  part  or  organ  may  be  removed  during  several 
successive  generations,  and  if  the  operation  be  not  followed 
by  disease,  the  lost  part  reappears  in  the  offspring.  Dogs  and 
horses  formerly  had  their  tails  docked  during  many  genera- 
tions without  any  inherited  effect ;  although,  as  we  have  seen, 
thero  is  some  reason  to  believe  that  the  tailless  condition  of 
certain  sheep-dogs  is  due  to  such  inheritance.  Circumcision 
has  been  practised  by  the  Jews  from  a  remote  period,  and  in 
most  cases  the  effects  of  the  operation  are  not  visible  in  the 
offspring ;  though  some  maintain  that  an  inherited  effect  does 
occasionally  appear.  If  inheritance  depends  on  the  presence  of 
disseminated  gemmules  derived  from  all  the  units  of  the  body, 

'*  This  is  the  view  taken  hj  Prof.  elterlichen  und  im  kindlichen  Orga- 

Haeckel,  in  his  'Generelle  Morpho-  nismus,  die  Theilung  dieser  Ataterit 

logie*    (B.   ii.   s.    17 IX    who    says:  bei  der  Fortpflanxaag, ist die  Ursach* 

«<  Lediglich  die  partielle  Identit'at  der  der  Erblichkeit." 
tpecifisoh   constituirten   Matcrie    im 
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why  does  not  the  amputation  or  mutilation  of  a  part,  especuall^ 
if  effected  on  both  sexes,  invariably  affect  the  offspring  ?  The 
answer  in  accordance  with  onr  hypothesis  probably  is  that 
gemmnles  multiply  and  are  transmitted  during  a  long  series 
of  generations — as  we  see  in  the  reappearance  of  zebrine 
stripes  on  the  horse — in  the  reappearance  of  muscles  and  other 
structures  in  man  which  are  proper  to  his  lowly  organised 
progenitors,  and  in  mauy  other  such  cases.  Therefore  tlie 
long-continued  inheritance  of  a  part  which  has  been  removed 
during  many  generations  is  no  real  anomaly,  for  gemmulea 
formerly  derived  from  the  part  are  multiplied  and  transmitted 
from  generation  to  generation. 

We  have  as  yet  spoken  only  of  the  removal  of  parts,  when 
not  followed  by  morbid  action:  but  when  the  operation  is 
thus  followed,  it  is  certain  that  the  deficiency  is  sometimes 
inherited.  In  a  former  chapter  instances  were  given,  as  of  a 
cow,  the  loss  of  whose  horn  was  followed  by  suppuration,  and 
her  calves  were  destitute  of  a  horn  on  the  same  side  of  their 
heads.  But  the  evidence  which  admits  of  no  doubt  is  that 
given  by  Brown-Sequard  with  respect  to  guinea-pigs,  which 
after  their  sciatic  nerves  had  been  divided,  gnawed  off  their 
own  gangrenous  toes,  and  the  toes  of  their  offspring  were  de- 
licient  in  at  least  thirteen  instances  on  the  corresponding  feet. 
l*he  inheritance  of  the  lost  part  in  several  of  these  cases  is  all 
the  more  remarkable  as  only  one  parent  was  affected ;  but  we 
know  that  a  congenital  deficiency  is  often  transmitted  from 
oDe  parent  alone — for  instance,  the  offspring  of  hornless  cattle 
of  either  sex,  when  crossed  with  perfect  animals,  are  often 
hornless.  How,  then,  in  accordance  with  our  hypothesis  can  we 
account  for  mutilations  being  sometimes  strongly  inherited,  if 
they  are  followed  by  diseased  action  ?  The  answer  probably 
is  that  all  the  gemmules  of  the  mutilated  or  amputated  part 
are  gradually  attracted  to  the  diseased  surface  during  the 
reparative  process,  and  are  there  destroyed  by  the  morbid 
action. 

A  few  words  must  be  added  on  the  complete  abortion  of 
organs.  When  a  part  becomes  diminished  by  disuse  pro- 
longed during  many  generations,  the  principle  of  economy  of 
growth,  together  with  intercrossing,  will  tend  to  reduce  it 
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still  further  as  previouBlj  explained,  but  this  will  not  aooouut 
for  the  complete  or  almost  complete  obliteration  of,  for 
instance,  a  minute  papilla  of  cellular  tissue  representing  a 
pistil,  or  of  a  microsoopicallj  minute  nodule  of  bone  repre- 
senting a  tooth.  In  certain  cases  of  suppression  not  yet 
completed,  in  which  a  rudiment  occasionallj  reappears 
through  reversion,  dispersed  gemmules  derived  fi*om  this  part 
must,  according  to  our  view,  still  exist ;  we  must  therefore 
suppose  that  the  cells,  in  union  with  which  the  rudiment  was 
formerly  developed,  fail  in  their  affinity  for  such  gemmules, 
except  in  the  occasional  cases  of  reversion.  But  when  the 
abortion  is  complete  and  final,  the  gemmules  themselves  no 
doubt  perish ;  nor  is  this  in  any  way  improbable,  for,  though 
a  vast  number  of  active  and  long-dormant  gemmules  are 
nourished  in  each  living  creature,  yet  there  taiust  be  some 
limit  to  their  number ;  and  it  appears  natural  that  gemmules 
derived  from  reduced  and  useless  pai-ts  would  be  more  liable 
to  perish  than  those  freshly  derived  from  other  parts  which 
are  still  in  full  functional  CM^tivity. 

The  last  subject  that  need  be  discussed,  namely,  Beversion, 
rests  on  the  principle  that  transmission  and  development, 
though  generally  acting  in  conjunction,  are  distinct  powers ; 
and  the  transmission  of  gemmules  with  their  subsequent 
development  shows  us  how  this  is  possible.  We  plainly  see 
tlie  distinction  in  the  many  cases  in  which  a  grandfather 
transmits  to  his  grandson,  through  his  daughter,  characters 
which  she  does  not,  or  cannot,  ^.ossess.  But  before  proceeding, 
it  will  be  advisable  to  say  a  few  words  about  latent  or 
dormant  characters.  Most,  or  perhaps  all,  of  the  secondary 
characters,  which  appertain  to  one  sex,  lie  dormant  in  the 
other  sex ;  that  is,  gemmules  capable  of  development  into  the 
secondary  male  sexual  characters  are  included  within  tho 
female;  and  conversely  female  characters  in  the  male:  we 
have  evidence  of  this  in  certain  masculine  characters,  both 
corporeal  and  mental,  appearing  in  the  female,  when  her 
ovaria  are  diseased  or  when  they  fail  to  act  from  old  age.  In 
like  manner  female  characters  appear  in  castrated  males,  as 
in  the  shape  of  the  horns  of  the  ox,  and  in  the  absence  of 
horns  in  casti-ated  stags.     Even  a  slight  change   in   the 
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eonditicms  of  life  doe  to  oonfinement  sometimes  suffices  to  pre* 
vent  the  development  of  masculine  characters  in  male  animals, 
although  their  reproductive  organs  are  not  permanently 
injured.  In  the  many  cases  in  which  masculine  characters 
are  periodically  renewed,  these  are  latent  at  other  seasons ; 
inheritance  as  limited  by  sex  and  season  being  here  com- 
bined. Again,  masculine  characters  generally  lie  dormant  in 
male  animals  until  they  arrive  at  the  proper  age  for  repro- 
duction. The  curious  case  formerly  given  of  a  Hen  which 
assumed  the  masculine  characters,  not  of  her  own  breed 
but  of  a  1  emote  progenitor,  illustrates  the  close  connection 
between  latent  sexual  characters  and  ordinary  reversion. 

With  those  anfmals  and  plants  which  habitually  produce 
several  forms,  as  with  certain  butterflies  described  by  Mr. 
Wallace,  in  which  three  female  forms  and  one  male  form 
co-exist,  or,  as  with  the  trimorphic  species  of  Lythrum  and 
Oxalis,  gemmules  capable  of  reproducing  these  different  forms 
must  be  latent  in  each  individual. 

Insects  are  occasionally  produced  with  one  side  or  one 
quarter  of  their  bodies  like  that  of  the  male,  with  the  other 
half  or  three-quarters  like  that  of  the  female.  In  such  cases 
the  two  sides  are  sometimes  wonderfully  different  in  structure, 
and  are  separated  from  each  other  by  a  sharp  line.  As  gem- 
mules  derived  from  every  part  are  present  in  each  individual 
of  both  sexes,  it  must  be  the  elective  affinities  of  the  nascent 
cells  which  in  these  cases  differ  abnormally  on  the  two  sides 
of  the  body.  Almost  the  same  principle  comes  into  play 
with  those  animals,  for  instance,  certain  gasteropods  and 
Verruca  amongst  cirripedes,  which  normally  have  the  two 
sides  of  the  body  constructed  on  a  very  different  plan ;  and 
yet  a  nearly  equal  number  of  individuals  have  either  side 
modified  in  the  same  remarkable  manner. 

Reversion,  in  the  ordinary  sense  of  the  word,  acts  so  inces- 
santly, that  it  evidently  forms  an  essential  part  of  the 
general  law  of  inheritance.  It  occurs  with  beings,  however 
propagated,  whether  by  buds  or  seminal  generation,  and 
sometimes  may  be  observed  with  advancing  age  even  in  the 
same  individual.  The  tendency  to  reversion  is  often  induced 
by  a  change  of  conditions,  and  in  the  plainest  manner  by 
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oroesing.  Crossed  forms  of  the  first  generation  are  generally 
nearly  intermediate  in  character  between  their  two  parents ; 
bat  in  the  next  generation  the  offspring  commonly  revert  to 
one  or  both  of  their  grandparents,  and  occasionally  to  more 
remote  ancestors.  How  can  we  account  for  these  facts? 
Each  nnit  in  a  hybrid  must  throw  off,  according  to  the 
doctrine  of  pangenesis,  an  abundance  of  hybridised  gemmules, 
for  crossed  plants  can  be  readily  and  largely  propagated 
by  buds;  but  by  the  same  hypothesis  dormant  gemmules 
derived  from  both  pure  parent-forms  are  likewise  present; 
and  as  these  gemmules  retain  their  normal  condition,  they 
would,  it  is  probable,  be  enabled  to  multiply  largely  during 
the  lifetime  of  each  hybrid.  Consequently  the  sexual  elements 
of  a  hybrid  will  include  both  pure  and  hybridised  gemmules ; 
and  when  two  hybrids  pair,  the  combination  of  pui-e  gem- 
mules derived  from  the  one  hybrid  with  the  pure  gemmules 
of  the  same  parts  derived  from  the  other,  woidd  necessarily 
lead  to  complete  reversion  of  character ;  and  it  is,  perhaps, 
not  too  bold  a  supposition  that  unmodified  and  undeteriorated 
gemmules  of  the  same  nature  would  be  especially  apt  to 
combine.  Pure  gemmules  in  combination  with  hybridised 
gemmules  would  lead  to  partial  reversion.  And  lastly, 
hybridised  gemmules  derived  from  both  parent-hybrids 
would  simply  reproduce  the  original  hybrid  form.'^  All 
these  cases  and  degrees  of  reversion  incessantly  occur. 

It  was  shown  in  the  fifteenth  chapter  that  certain  characters 
are  antagonistic  to  each  other  or  do  not  readily  blend ;  hence, 
when  two  animals  with  antagonistic  characters  are  crossed, 
it  might  well  happen  that  a  sufficiency  of  gemmules  in  the  male 
alone  for  the  reproduction  of  his  peculiar  characters,  and  in  the 
female  alone  for  the  reproduction  of  her  peculiar  characters, 
would  not  be  present ;  and  in  this  case  dormant  gemmules 
derived  from  the  same  part  in  some  remote  progenitor  might 
easily  gain  the  ascendancy,  and  cause  the  reappearance  of 
tJie  long-lost  character.  For  instance,  when  black  and  white 
pigeons,  or  black  and  white  fowls,  are  crossed,— colours  which 

'*  In  these  remarks  I,  in  fact,  species  which  are  crossed.  See  hia 
follow  Naudin,  who  speaks  of  the  excellent  memoir  in  the  'Nourellea 
elements    or    esrenoes    of    the    two       Archives  du  Museum,'  torn.  L  p.  lol* 
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do  not  readily  blend, — bine  plumage  in  the  one  caae,  evidently 
derived  from  the  rock-pigeon,  and  red  plnaiage  in  the  other 
case,  derived  l^m  the  wild  jungle-cock,  occafiionally  reappear. 
AVith  uncrofised  breeds  the  same  result  follows,  under  condi- 
tions which  favour  the  multiplication  and  development  of 
certain  dormant  gemmules,  as  when  animals  become  feral 
and  revert  to  their  pristine  character.  A  certain  number  of 
gemmules  being  requisite  for  the  development  of  each  cha- 
racter, as  is  known  to  be  the  case  from  several  spermatozoa 
or  pollen-grains  being  necessary  for  fertilisation,  and  time 
favouring  their  multiplication,  will  perhaps  account  for  the 
curious  cases,  insisted  on  by  Mr.  Sedgwick,  of  certain  diseases 
which  regularly  appear  in  alternate  generations.  This  like- 
wise holds  good,  more  or  less  strictly,  with  other  weakly 
inherited  modifications.  Hence,  as  I  have  heard  it  remarked, 
certain  diseases  appear  to  gain  strength  by  the  intermission 
of  a  generation.  The  transmission  of  dormant  gemmules 
during  many  successive  generations  is  hardly  in  itself  more 
improbable,  as  previously  remarked,  than  the  retention 
during  many  ages  of  rudimentary  organs,  or  even  only  of  a 
tendency  to  the  production  of  a  rudiment ;  but  there  is  no 
reason  to  suppose  that  dormant  gemmules  can  be  transmitted 
and  propagated  for  ever.  Excessively  minute  and  numerous 
as  they  are  believed  to  be,  an  infinite  number  derived,  during 
a  long  course  of  modification  and  descent,  from  each  unit  of 
each  progenitor,  could  not  be  supported  or  nourished  by  the 
organism.  But  it  does  not  seem  improbable  that  certain 
gemmules,  under  favourable  conditions,  should  be  retained 
and  go  on  multiplying  for  a  much  longer  period  than 
others.  Finally,  on  the  view  here  given,  we  certainly  gain 
some  insight  into  the  wonderful  fact  that  the  child  may 
depart  from  the  type  of  both  its  parents,  and  resemble  its 
grandparents,  or  ancestors  removed  by  many  hundreds  of 
generations. 

Conclusion, 

The  hypothesis  of  Pangenesis,  as  applied  to  the  several 
great  clas^ses  of  facta  just  discussed,  no  doubt  is  extremely 
complex,  but  so  are  the  facts.    The  chief  assumption  is  that 
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all  the  Tinits  of  the  hody,  hesides  haring  the  tmiversally  ad. 
mitted  power  of  growing  by  self-division,  throw  off  minute 
gemmtiles  which  are  dispersed  through  the  system.  Nor  can 
this  assumption  be  considered  as  too  bold,  for  we  know  from 
the  cases  of  graft-hybridisation  that  formative  matter  of  some 
kind  is  present  in  the  tissues  of  plants,  whioh  is  capable  of 
combining  with  that  included  in  another  individual,  and  of 
reproducing  every  unit  of  the  whole  organism.  But  we  have 
further  to  assume  that  the  gemmnles  grow,  multiply,  and 
aggregate  themselves  into  buds  and  the  sexual  elements; 
their  development  depending  on  their  union  with  other 
nascent  cells  or  units.  They  are  also  believed  to  be  capable 
of  transmission  in  a  dormant  state,  like  seeds  in  the  ground, 
to  successive  generations. 

In  a  highly-organised  animal,  the  gemmules  thrown  off 
from  each  different  unit  throughout  the  body  must  be  incon- 
ceivably numerous  and  minute.  Each  unit  of  each  part,  as 
it  changes  during  development,  and  we  know  that  some 
insecfs  undergo  at  least  twenty  metamorphoses,  must  throw 
off  its  gemmules.  But  the  same  cells  may  long  continue 
to  increase  by  self-division,  and  even  become  modified  by 
absorbing  peculiar  nutriment,  without  necessarily  throwing 
off  modified  gemmules.  All  organic  beings,  moreover,  include 
many  dormant  gemmules  derived  from  their  grandparents 
and  more  remote  progenitors,  but  not  from  all  their  pro- 
genitors. These  almost  infinitely  numerous  and  minute 
gemmules  are  contained  within  each  bud,  ovule,  spenna- 
tozoon,  and  pollen-grain.  Such  an  admission  will  be  de- 
clared impossible;  but  number  and  size  are  only  relative 
difficulties.  Independent  organisms  exist  which  are  barely 
visible  under  the  highest  powers  of  the  microscope,  and  their 
germs  must  be  excessively  minute.  Particles  of  infectious 
matter,  so  small  as  to  be  wafted  by  the  wind  or  to  adhere  to 
smooth  paper,  will  multiply  so  rapidly  as  to  infect  within  a 
shoi-t  time  the  whole  body  of  a  large  animal.  We  should 
also  reflect  on  the  admitted  number  and  minuteness  of 
the  molecules  composing  a  particle  of  ordinary  matter. 
The  difficulty,  therefore,  which  at  first  appeard  insurmount- 
able, of  believing  in  the  existence  of  gemmules  so  numerouM 
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and  small  as  tbey  must  be  aocording  to  our  hypothesis,  has 
no  great  weight. 

The  units  of  the  body  are  generally  admitted  by  physiolo- 
gists to  be  autonomous.  I  go  one  step  further  and  assumo 
that  they  throw  off  reproductive  gemmules.  'I'hus  an  organ- 
ism does  not  generate  its  kind  as  a  whole,  but  each  separate 
unit  generates  its  kind.  It  has  often  been  said  by  naturalists 
that  each  cell  of  a  plant  has  the  potential  capacity  of  repro- 
ducing the  whole  plant ;  but  it  has  this  power  only  in  virtue 
of  containing  gemmules  derived  from  every  part.  When  a 
cell  or  unit  is  from  some  cause  modified,  the  gemmules  derived 
from  it  will  be  m  like  manner  modified.  If  our  hypothesis 
be  provisionally  accepted,  we  must  look  at  all  the  forms  of 
asexual  reproduction,  whether  occurring  at  maturity  or  daring 
youth,  as  fundamentally  the  same,  and  dependent  on  the 
mutual  aggregation  and  multiplication  of  the  gemmules. 
I'he  r^-growth  of  an  amputated  limb  and  the  healing  of  a 
wound  is  the  same  process  partially  carried  out.  Buds 
apparently  inolude  nascent  cells,  belonging  to  that  stage  of 
development  at  which  the  budding  occurs,  and  these  cells  are 
ready  to  unite  with  the  gemmules  derived  from  the  next 
succeeding  cells.  The  sexual  elements,  on  the  other  hand, 
do  not  include  such  nascent  cells ;  and  the  male  and  female 
elements  taken  separately  do  not  contain  a  sufficient  number 
of  gemmules  for  independent  development,  except  in  tha 
cases  of  parthenogenesis.  The  development  of  each  being, 
including  all  the  forms  of  metamorphosis  and  metagenesis, 
depends  on  the  presence  of  gemmules  thrown  off  at  each 
period  of  life,  and  on  their  development,  at  a  corresponding 
period,  in  union  with  preceding  colls.  Such  cells  may  be 
said  to  be  fertilised  by  the  gemmules  which  come  next  in  due 
order  of  development.  Thus  the  act  of  ordinary  impreg- 
nation and  the  development  of  each  part  in  each  being  are 
closely  analogous  processes.  The  child,  strictly  speaking, 
does  not  grow  into  the  man,  but  includes  germs  which  slowly 
and  successively  become  developed  and  form  the  man.  In 
the  child,  as  well  as  in  the  adult,  each  part  generates  the 
same  part.  Inheritance  must  be  looked  at  as  merely  a  form 
of  growth,  like  the  self-division  of  a  lowly-organiJBed  oni* 
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oeUular  organism.  Eeversion  depends  on  the  transmission 
from  the  forefather  to  his  descendants  of  dormant  gemmules, 
which  occasionally  become  developed  under  certain  known  or 
unknown  conditions.  Each  animal  and  plant  may  be  com- 
pared with  a  bed  of  soil  full  of  seeds,  some  of  which  soon 
germinate,  some  lie  dormant  for  a  period,  whilst  others 
perish.  When  we  hear  it  said  that  a  man  carries  in  his 
constitution  the  seeds  of  an  inherited  disease,  there  is  much 
truth  in  the  expression.  No  other  attempt,  as  far  as  I  am 
aware,  has  been  made,  imperfect  as  this  confessedly  is,  to 
connect  under  one  point  of  view  these  several  grand  classes 
of  facts.  An  organic  being  is  a  microcosm — a  little  universe^ 
formed  of  a  host  of  self-propagating  organisms,  inconoeiyably' 
minute  and  numerous  as  the  stars  in  heaven. 
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CHAPTER  XXVm, 

CONCLUDING  RBVARKS. 

DOMBmCATION— KATtRB  AND  CArSKS  OF  TAftlABILITT— SELECTION-  -DITKR- 
UENCE  AND  DISTINOTNESS  OF  OHARACTEB  —  EXTIKCTIOX  OF  RACES — 
ClltCl'MSTAMCES  FAVOURABLE  Tr>  SEIElTriOK  BT  MAN — AKTigUXTT  OF 
CERTAIN  NACE8 — THE  QUESTION  WHETHER  BACH  PARTICULAR  YARIATIOS 
HAS  BEEN  SPECIALLY  PRBORDAIRED. 

As  Biimiuarics  have  boen  added  to  nearly  all  the  chapters,  and 
as,  in  the  chapter  on  pangenesis,  various  subjects,  such  as  the 
forms  of  reproduction,  inheritance,  reversion,  the  causes  and 
laws  of  variability,  <fec.,  have  been  recently  discussed,  I  will 
here  only  make  a  few  general  remarks  on  the  more  important 
conclusions  which  may  be  deduced  from  the  multifarious 
details  given  throughout  this  work. 

Savages  in  all  parts  of  the  world  easily  succeed  in  taming 
wild  animals ;  and  those  inhabiting  any  country  or  island, 
when  first  visited  by  man,  would  probably  have  been  still 
more  easily  tamed.  Complete  subjugation  generally  depends 
on  an  animal  being  social  in  its  habits,  and  on  receiving  man 
as  the  chief  of  the  herd  or  family.  In  order  that  an  animal 
should  be  domesticated  it  must  be  fertile  under  changed  con- 
ditions of  life,  and  this  is  far  from  being  always  the  case.  An 
animal  would  not  have  been  worth  the  labour  of  domestica- 
tion, at  least  during  early  times,  unless  of  sei-vice  to  man. 
From  these  circumstances  the  number  of  domesticated  animals 
has  never  been  large.  With  respect  to  plants,  I  have  shown 
in  the  ninth  chapter  how  their  varied  uses  were  probably 
first  discovered,  and  the  early  steps  in  their  cultivation.  Man 
cx)uld  not  have  known,  when  he  first  domesticated  an  animal 
or  plant,  whether  it  would  flourish  and  multiply  when  trans- 
ported to  other  countries,  therefore  he  could  not  have  been 
thus  influenced  in  his  choice.  We  see  that  the  close  adapta- 
tion of  the  reindeer  and  camel  to  extremely  cold  and  hot 
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oonntriee  has  not  prevented  their  domeBticatiuu.  StlJ  leM 
oonld  man  have  foreseen  whether  his  animals  and  plants 
would  vary  in  stiocoeding  generations  and  thns  give  Virth  to 
new  races ;  and  the  small  capacity  of  variability  in  the  goose 
has  not  prevented  its  domestication  from  a  remote  epoeh. 

With  extremely  few  exceptions,  all  animals  and  plants 
which  have  been  long  domesticated  have  varied  greatly.  It 
matters  not  under  what  climate,  or  for  what  purpose  th^y  are 
kept,  whether  as  food  for  man  or  beast,  for  draught  or  l|unt- 
.ing,  for  clothing  or  mere  pleasure, — under  all  these  ciro^m- 
stances  races  have  been  produced  which  differ  more  from  <^e 
another  than  do  the  forms  which  in  a  state  of  natui*e  ai*^ 
ranked  as  different  species.  Why  certain  animals  and  plants 
have  varied  more  under  domestication  than  others  we  do  not 
know,  any  more  than  why  some  are  rendered  more  sterile 
than  others  under  changed  conditions  of  life.  But  we  have 
to  judge  of  the  amount  of  variation  which  our  domestic  pro- 
ductions  have  undergone,  chiefly  by  the  number  and  amount 
of  difference  between  the  races  which  have  been  formed,  and 
we  can  often  clearly  see  why  many  and  distinct  races  hare 
not  been  formed,  namely,  beoEtuse  slight  successive  variations 
have  not  been  steadily  accumulated ;  and  such  variations  will 
never  be  accumulated  if  an  animal  or  plant  be  not  closely 
observed,  much  valued,  and  kept  in  large  numbers. 

The  fluctuating,  and,  as  far  as  we  can  judge,  never-ending 
variability  of  our  domesticated  productions, — the  plasticity  of 
almost  their  whole  organisation, — is  one  of  the  most  important 
lessons  which  we  learn  from  the  numerous  details  given  in 
the  earlier  chapters  of  this  work.  Yet  domesticated  animals 
and  plants  can  hardly  have  been  exposed  to  greater  changes 
in  their  conditions  of  life  than  have  many  natural  species 
during  the  incessant  geological,  geographical,  and  climatal 
changes  to  which  the  world  has  been  subject;  but  domes- 
ticated productions  will  often  have  been  exposed  to  more 
sudden  changes  and  to  less  continuously  uniform  conditions. 
As  man  has  domesticated  so  many  animals  and  plants  be- 
longing to  widely  different  clashes,  and  as  he  certainly  did  not 
choose  with  prophetic  instinct  those  species  which  would  vary 
most,  we  may  infer  that  all  natural  species,  if  exposed  to 
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analogous  oonditions,  would,  on  an  average,  vary  to  the  aaine 
degree.  Few  men  at  the  present  day  will  maintain  that 
animals  and  plants  were  created  with  a  tendency  to  vary, 
which  long  remained  dormant,  in  order  that  fanciers  in  after 
ages  might  rear,  for  instance,  curious  breeds  of  the  fowl, 
pigeon,  or  canary-bird. 

From  several  causes  it  is  difficult  to  judge  of  the  amount 
of  modification  which  our  domestic  productions  have  under- 
gone. In  some  cases  the  primitive  parent-stock  has  become 
extinct ;  or  it  cannot  be  recognised  with  certainty,  owing  to 
its  supposed  descendants  having  been  so  much  modified.  In 
other  cases  two  or  more  closely-allied  forms,  after  being 
domesticated,  have  crossed ;  and  then  it  is  difficult  to  estimate 
how  much  of  the  character  of  the  present  descendants  ought 
to  be  attributed  to  variation,  and  how  much  to  the  influence 
of  the  several  parent-stocks.  But  the  degree  to  which  our 
domesticated  breeds  have  been  modified  by  the  crossing  of 
diHtinct  species  has  probably  been  much  exaggerated  by  some 
Ruthors.  A  few  individuals  of  one  form  would  seldom  per- 
manently affect  another  form  existing  in  greater  numbers; 
for,  without  careful  selection,  the  stain  of  the  foreign  blood 
would  soon  be  obliterated,  and  during  early  and  barbarous 
times,  when  our  animals  were  first  domesticated,  such  care 
would  seldom  have  been  taken. 

There  is  good  reason  to  believe  in  the  case  of  the  dog,  ox, 
pig,  and  of  some  other  animals,  that  several  or  our  races  are 
descended  from  distinct  wild  prototypes ;  nevertheless  the 
belief  in  the  multiple  origin  of  our  domesticated  animals  has 
been  extended  by  some  few  naturalists  and  by  many  breeders 
to  an  unauthorised  extent.  Breeders  refuse  to  look  at  the 
whole  subject  under  a  single  point  of  view ;  I  have  heard 
it  said  by  a  man,  who  maintained  that  our  fowls  were  de- 
scended from  at  least  half-a-dozen  aboriginal  species,  that  the 
evidence  of  the  common  origin  of  pigeons,  ducks  and  rabbits, 
was  of  no  avail  with  respect  to  fowls.  Breeders  overlook 
the  improbability  of  many  species  having  been  domesticated 
at  an  early  and  barbarous  period.  They  do  not  consider  the 
improbability  of  species  having  existed  in  a  state  of  nature 
ivhich,  if  they  resembled  our  pvesent  domestic  breeds,  woold 
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liave  1)eeu  highly  abnormal  in  comparison  with,  all  their 
congeners.  They  maintain  that  certain  specioe,  which 
formerly  existed,  have  become  extinct,  or  are  now  unknown, 
although  formerly  known.  The  assumption  of  so  much 
recent  extinction  is  no  difficulty  in  their  eyes ;  for  they  do 
not  judge  of  its  probability  by  the  facility  or  difficulty  of  the 
extinction  of  other  closely-allied  wild  forms.  Lastly,  they 
often  ignore  the  whole  subject  of  geographical  distribution  as 
completely  as  if  it  were  the  result  of  chance. 

Although  from  the  reasons  just  assigned  it  is  often  difficult 
to  judge  accurately  of  the  amount  of  change  which  our 
domesticated  productions  have  undergone,  yet  this  cjn  be 
ascertained  in  the  cases  in  which  all  the  breeds  are  know\i 
to  be  descended  from  a  single  species,— as  with  the  pigeon, 
%duck,  rabbit,  and  almost  certainly  with  the  fowl ;  and  by  the 
aid  of  analogy  this  can  be  judged  of  to  a  certain  extent  with 
domesticated  animals  descended  fi*om  several  wild  stocks.  It 
is  impossible  to  read  the  details  given  in  the  earlier  chapters 
and  in  many  published  works,  or  to  visit  our  various  ex- 
hibitions, without  being  deeply  impressed  with  the  extreme 
vaiiability  of  our  domesticated  animals  and  cultivated  plants. 
No  part  of  the  organisation  escapes  ihe  tendency  to  vary. 
The  variations  generally  affect  parts  of  small  vital  or  physio- 
logical importance,  but  so  it  is  with  the  differences  which 
exist  between  closely -allied  species.  In  these  unimportant 
characters  there  is  often  a  greater  difference  between  the 
breeds  of  the  same  species  than  between  the  natural  species 
of  the  same  genus,  as  Isidore  Geoffrey  has  shown  to  be  tbo 
case  with  size,  and  as  is  often  the  case  with  the  colour, 
textui*o,  form,  <&c.,  of  the  hair,  feathers,  horns,  and  other 
dermal  appendages. 

It  has  often  been  asserted  that  important  parts  never  vary 
under  domestication,  but  this  is  a  complete  error.  Look  at 
the  skull  of  the  pig  in  any  one  of  the  highly  improved  breeds, 
with  the  occipital  condyles  and  other  parts  greatly  modified ; 
or  look  at  that  of  the  niata  ox.  Or,  again,  in  the  several 
breeds  of  the  rabbit,  observe  the  elongated  skull,  with  the 
differently  shaped  occipital  foramen,  atlas,  and  other  cervical 
vertebree.    The  whole  shape  of  the  brain,  together  with  tlis 
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tkull,  has  been  modified  in  Polish  fo^JB ;  in  other  breeds  of 
the  fowl  the  number  of  the  yertebne  and  tho  forma  of  the 
cervical  vertebrae  have  been  changed.  In  certain  pigeons  the 
Bhape  of  the  lower  jaw,  the  relative  length  of  the  tongue,  the 
'  size  of  the  nostrils  caid  eyelids,  the  number  and  shape  of  the 
ribs,  the  form  and  size  of  the  oesophagus,  have  all  varied.  In 
certain  quadrupeds  the  length  of  the  intestines  has  been  much 
increased  or  diminished.  With  plants  we  see  wonderful 
differences  in  the  stones  of  various  fruits.  In  the  Cucur- 
bitaceaB  several  highly  important  characters  have  varied,  such 
as  the  sessile  position  of  the  stigmas  on  the  ovarium,  the 
position  of  the  carpels,  and  the  projection  of  the  ovarium  out 
of  the  receptacle.  But  it  would  be  useless  to  run  through 
the  many  facts  given  in  the  earlier  chapters. 

It  is  notorious  how  greatly  the  mental  disposition,  tastes^ 
habits,  consensual  movements,  loquacity  or  silence,  and  tone 
of  voice  have  varied  and  been  inherited  in  our  domesticated 
animals.  The  dog  offers  the  most  striking  instance  of  clianged 
mental  attributes,  and  these  differences  cannot  be  accounted 
for  by  descent  from  distinct  wild  types. 

New  characters  may  appear  and  old  ones  disappear  at  any 
stage  of  development,  being  inherited  at  a  corresponding 
-stage.  We  see  this  in  the  difference  between  the  eggs,  the 
down  on  the  chickens  and  the  first  plumage  of  the  various 
breeds  of  the  fowl ;  and  still  more  plainly  in  the  differences 
between  the  caterpillars  and  cocoons  of  the  various  breeds  of 
the  silk-moth.  These  facts,  simple  as  they  appear,  throw  light 
on  tho  differences  between  the  larval  and  adult  states  of 
allied  natural  species,  and  on  the  whole  great  subject  of  em< 
cryology.  New  characters  first  appearing  late  in  life  are  apt 
to  become  attached  exclusively  to  that  sex  in  which  they 
first  arose,  or  they  may  bo  developed  in  a  much  higher  degree 
in  this  than  ill  the  other  sex ;  or  again,  after  having  become 
attached  to  one  sex,  they  may  be  transferred  to  the  opposite 
sex.  These  facts,  and  more  especially  the  circumstance  that 
new  characters  seem  to  be  particularly  liable,  from  some 
unknown  cause,  to  become  attached  to  the  male  sex,  have  an 
important  bearing  on  the  acquirement  of  secondary  sexunl 
characters  by  animals  in  a  state  of  nature. 
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It  hafl  flomethnes  been  said  that  our  domestic  races  do  not' 
differ  in  constitutional  peculiarities,  but  this  cannot  be  main- 
tained. In  our  improved  cattle,  pigs,  d^a,  the  period  of 
maturity,  including  that  of  the  second  dentition,  has  been 
much  hastened.  The  period  of  gestation  varies  much,  and 
has  been  modified  in  a  fixed  manner  in  one  or  two  cases.  In 
some  breeds  of  poultry  and  pigeons  the  period  at  which  tho 
down  and  the  first  plumage  are  acquired,  differs.  The  number 
of  moults  through  which  the  larvad  of  silk-moths  pass,  varies. 
The  tendency  to  fatten,  to  yield  much  milk,  to  produce  many 
young  or  eggs  at  a  birth  or  during  life,  differs  in  different 
breeds.  We  find  different  degrees  of  adaptation  to  climate, 
and  different  tendencies  to  certain  diseases,  to  the  attacks  of 
parasites,  and  to  the  action  of  certain  vegetable  poisons. 
With  plants,  adaptation  to  certain  soils,  the  power  of  resisting 
frost,  the  period  of  flowering  and  fruiting,  the  duration  of 
life,  the  period  of  shedding  the  leaves  or  of  retaining  them 
throughout  the  winter,  the  proportion  and  nature  of  certain 
chemical  compounds  in  the  tissues  or  seeds,  all  vary. 

There  is,  however,  one  important  constitutional  difference 
between  domestic  races  and  species ;  I  refer  to  the  sterility 
which  almost  invariably  follows,  in  a  greater  or  less  degree, 
when  species  are  crossed,  and  to  the  perfect  fertility  of  the 
most  distinct  domestic  races,  with  the  exception  of  a  very 
few  plants,  when  similarly  crossed.  It  is  certainly  a  most 
remarkable  fact  that  many  closely-allied  species,  which  in 
appeaiunoe  differ  extremely  little,  should  peld  when  crossed 
only  a  few  more  or  less  sterile  offspring,  or  none  at  all ; 
whilst  domestic  races  which  differ  conspicuously  from  each 
other  are,  when  united,  remarkably  fertile,  and  yield  perfectly 
fertile  offspring.  But  this  fact  is  not  in  reality  so  inexplicable 
as  it  at  first  appears.  In  the  first  place,  it  was  clearly  shown 
in  the  nineteenth  chapter  that  the  sterility  of  crossed  species 
does  not  depend  chiefly  on  differences  in  their  external  struo 
ture  or  general  constitution,  but  on  differences  in  the  repro 
ductive  system,  analogous  to  those  which  cause  the  lesseneo 
fertility  of  the  illegitimate  unions  of  dimorphic  and  trimorphio 
plants.  In  the  second  place,  the  Pallasian  doctrine,  that 
species  after  having  been  long  domesticated  lose  their  natural 
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tendenoj  to  storility  when  croesed,  has  been  shown  to  be 
highly  probable  or  almost  certain.  We  cannot  avoid  this 
oonclxttiQn  when  we  reflect  on  the  parentage  and  present 
fertility  of  the  several  breeds  of  the  dog,  of  the  Indian  or 
humped  and  finropean  cattle,  and  of  the  two  chief  kinds  of 
pigs.  Hence  it  woidd  be  unreasonable  to  expect  that  races 
formed  under  domestication  should  acquire  sterility  when 
crossed,  whilst  at  the  same  time  we  admit  that  domestication 
oliminates  the  normal  sterility  of  croesed  species.  Why  with 
closely-allied  species  their  reproductive  systems  should  almost 
invariably  have  been  modified  in  so  peculiar  a  manner  as  to 
be  mutually  incapable  of  acting  on  each  other — though  in  un- 
equal degrees  in  the  two  sexes,  as  shown  by  the  difference  in 
fertility  between  reciprocal  crosses  of  the  same  species — we 
do  not  know,  but  may  with  much  probability  infer  the  cause 
to  be  as  follows.  Most  natural  species  have  been  habituated  to 
nearly  uniform  conditions  of  life  for  an  incomparably  longer 
time  than  have  domestic  races ;  and  we  positively  know  that 
oliauged  conditions  exert  an  especial  and  powerful  influence 
on  the  reproductive  system.  Hence  this  difference  may  well 
account  for  the  difference  in  the  power  of  reproduction  between 
domestic  races  when  crossed  and  species  when  crossed.  It  is 
probably  in  chief  part  owing  to  the  same  cause  that  domestic 
races  can  be  suddenly  transported  from  one  climate  to 
another,  or  placed  under  widely  different  conditions,  and  yet 
retain  in  most  cases  their  fertility  unimpaired;  whilst  a 
multitude  of  species  subjected  to  lesser  changes  are  rendered 
incapable  of  breeding. 

The  ofi&pring  of  crossed  domestic  races  and  of  crossed 
species  resemble  each  other  in  most  respects,  with  the  one  im- 
portant exception  of  fertility ;  they  often  partake  in  the  same 
unequal  degree  of  the  characters  of  their  parents,  one  of 
which  is  often  prepotent  over  the  other ;  and  they  are  liable 
to  reversion  of  the  same  kind.  By  successive  crosses  one 
species  may  be  made  to  absorb  completely  another,  and  so 
it  notoriously  is  with  races.  The  latter  resemble  species  in 
many  other  ways.  They  sometimes  inherit  their  newly- 
acquired  characters  almost  or  even  quite  as  firmly  as  species. 
The  conditions  leading  to  variability  and  tlu»  laws  governing 
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its  nature  appear  to  be  the  same  in  both.  Varieties  can  bo 
classed  in  groups  under  groups,  like  species  under  gonora,  and 
these  under  families  and  orders ;  and  the  classification  may 
bo  either  artificial, — that  is,  founded  on  any  arbitrary  cha- 
racter,— or  natural.  With  varieties  a  natural  classification 
is  certainly  founded,  and  with  species  is  apparently  founded, 
on  community  of  descent,  together  with  the  amount  of  modi- 
fication which  the  forms  have  undergone.  The  characters 
by  which  domestic  varieties  differ  from  one  another  are  more 
variable  than  those  distinguishing  species,  though  hardly 
more  so  than  with  certain  polymorphic  sficcies;  but  this 
greater  degree  of  variability  is  not  surprising,  as  Varieties 
have  generally  been  exposed  within  recent  times  to  fluctu- 
ating conditions  of  life,  and  are  much  more  liable  to  havo 
been  crossed ;  they  are  also  in  many  cases  still  undergoing, 
or  have  recently  undergone,  modification  by  man's  methodical 
or  Unconscious  selection. 

Domestic  varieties  as  a  general  rule  certainly  differ  from 
one  another  in  less  important  parts  than  do  species;  and 
when  important  differences  occur,  they  are  seldom  firmly 
fixed;  but  this  fact  is  intelligible,  if  we  consider  man's 
method  of  selection.  In  the  living  animal  or  plant  he  cannot 
observe  internal  modifications  in  the  more  important  organs  ; 
nor  does  he  regard  them  as  long  as  they  are  compatible  with 
health  Mid  life.  What  does  the  breeder  care  about  any 
slight  change  in  the  molar  teeth  of  his  pigs,  or  for  an  ad« 
ditional  molar  tooth  in  the  dog ;  or  for  any  change  in  the 
intestinal  canal  or  other  internal  organ  ?  The  breeder  cares 
for  the  Ifieah  of  his  cattle  being  well  marbled  with  fat,  and 
for  an  accumulation  of  fat  within  the  abdomen  of  his  sheep^ 
and  this  he  has  effected.  What  would  the  floriculturist  caro 
£or  any  change  in  the  structure  of  the  ovarium  or  of  the 
ovules?  As  important  internal  organs  are  certainly  liable 
to  numerous  slight  variations,  and  as  these  would  probably 
be  transmitted,  for  many  strange  monstrosities  are  inherited, 
man  could  undoubtedly  effect  a  certain  amount  of  change  in 
these  organs.  When  he  has  produced  any  modification  in  an 
important  part,  he  has  generally  done  so  unintentionally, 
in  correlation  with  some  other  cx.mspicuous  part.  For  in* 
stance,  he  has  given  ridges  and  protuberanoes  to  the  skolU 
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0f  fowls,  by  attending  to  the  form  of  the  comb,  or  to  the 
plume  of  feathers  on  the  head.  By  attending  to  the  external 
form  of  tbe  pouter-pigeon,  he  has  enormously  increased  th« 
sizo  of  the  oesophagus,  and  has  added  to  the  number  of  the 
libs,  and  given  them  greater  breadth.  With  the  carrier- 
pig^n,  by  increasing  through  steady  selection  the  wattles 
on  the  upper  mandible,  he  has  greatly  modified  the  form  of 
the  lower  mandible ;  and  so  in  many  other  cases.  Natural 
species,  on  the  other  hand,  have  been  modified  ezdusiTdy 
for  their  own  good,  to  fit  them  for  infinitely  diTorsified  con- 
ditions of  life,  to  avoid  enemies  of  all  kinds,  and  to  struggle 
against  a  host  of  competitors.  Hence,  under  such  complex 
oonditions,  it  would  often  happen  that  modifications  of  the 
most  varied  kinds,  in  important  as  well  as  in  unimportant 
parts,  would  be  advantageous  or  even  necessary ;  and  they 
would  slowly  but  siirely  be  acquired  through  the  survival 
of  the  fittest.  Still  more  important  is  the  fact  that  various 
indirect  modifications  would  likewise  arise  through  the  law 
of  correlated  variation. 

Domestic  breeds  often  have  an  abnormal  or  semi-monstrous 
character,  as  amongst  dogs,  the  Italian  greyhound,  bulldog, 
Blenheim  spaniel,  and  bloodhound, — some  breeds  of  cattle 
and  pigs, — several  breeds  of  the  fowl, — and  the  chief  breeds 
of  the  pigeon.  In  such  abnormal  breeds,  parts  which  differ 
but  slightly  or  not  at  all  in  the  allied  natural  species,  have 
been  greatly  modified.  This  may  be  accounted  for  by  man's 
often  selecting,  especially  at  first,  conspicuous  and  semi- 
monstrous  deviations  of  stnicture.  We  should,  however, 
be  cautious  in  deciding  what  deviations  ought  to  be  called 
monstrous :  there  can  hardly  be  a  doubt  that,  if  the  brush 
of  horse-like  hair  on  the  breast  of  the  turkey-cock  had  first 
appeared  in  the  domesticated  bird,  it  would  have  been  con- 
sidered as  a  monstrosity ;  the  great  plume  of  feathers  on  the 
head  of  the  Polish  cock  has  been  thus  designated,  though 
plumes  are  common  on  the  heads  of  many  kinds  of  birds ; 
we  might  call  the  wattle  or  corrugated  skin  round  the  base 
of  the  beak  of  the  English  carrier-pigeon  a  monstrosity, 
but  we  do  not  thus  speak  of  the  globular  fleshy  excrescence 
at  the  base  of  the  beak  of  the  Carpophaga  oceanica. 

Some  authors  have  drawn  a  wide   distinction  between 
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Artificial  and  natural  breeds;  although  in  extreme  cases  tiio 
distinction  is  plain,  in  many  other  oases  it  is  arbitrary ;  the 
difference  depending  chiefly  on  the  kind  of  selection  which 
has  been  applied.  Artificial  breeds  are  those  which  have 
been  intentionally  improved  by  man ;  they  frequently  have 
an  unnatural  appearance,  and  are  especially  liable  to  lose* 
their  characters  through  reversion  and  continued  variability. 
The  so-called  natural  breeds,  on  the  other  hand,  are  those 
which  are  found  in  semi-civilised  countries,  and  which 
formerly  inhabited  separate  districts  in  nearly  all  the 
European  kingdoms.  They  have  been  rarely  acted  on  by 
man's  intentional  selection ;  more  frequently  by  unconscious 
selection,  and  partly  by  natural  selection,  for  animals  kept 
in  semi-civiliBed  countries  have  to  provide  largely  for  their 
own  wants.  Such  natural  breeds  will  also  have  been  directly 
acted  on  by  the  differences,  though  slight,  in  the  surrounding 
conditions. 

There  is  a  much  more  important  distinction  between  our 
several  breeds,  namely,  in  some  having  originated  from  a' 
strongly-marked  or  semi-monstrous  deviation  of  structure, 
which,  however,  may  subsequently  have  been  augmented 
by  selection;  whilst  others  have  been  formed  in  so  slow 
and  insensible  a  manner,  that  if  we  could  see  their  early  pro» 
genitors  we  should  hardly  be  able  to  say  when  or  how  the' 
breed  first  arose.  From  the  history  of  the  racehorse,  grey- 
hound, gamecock,  &c.,  and  from  their  general  appearance, 
we  may  feel  nearly  confident  that  they  were  formed  by  a 
slow  process  of  improvement;  and  we  know  that  this  has 
been  the  case  with  the  carrier-pigeon,  as  well  as  with  some 
other  pigeons.  On  the  other  hand,  it  is  ceitain  that  the 
ancon  and  mauchamp  breeds  of  sheep,  and  almost  certain 
that  the  niata  cattle,  turnspit,  and  pug-dogs,  jumper  and 
frizzled  fowls,  short-faced  tumbler  pigeons,  hook- billed  ducks, 
&o.,  suddenly  appeared  in  nearly  the  same  state  as  we  now 
see  them.  So  it  has  been  with  many  cultivated  plants.  The 
frequency  of  these  cases  is  likely  to  lead  to  the  false  belief 
that  natural  species  have  often  originated  in  the  same  abrupt 
manner.  But  we  have  no  evidence  of  the  appearance,  or  at 
least  of  the  continued  procreation,  under  nature,  of  abrupt 
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xaodificationfl  of  stmcture ;  and  rarioHs  general  reasons  oould 
bo  assigned  h gainst  such  a  belief. 

On  the  other  hand,  we  have  abundant  OTidenoe  of  the 
constant  occurrence  under  nature  of  slight  individual  difRar- 
ences  of  the  most  diversified  kinds ;  and  we  are  thus  led  to 
conclude  that  species  have  generally  originated  by  the  natural 
selection  of  extremely  slight  differences.  This  process  may 
be  strictly  compared  with  the  slow  and  gradual  improvement 
of  the  racehorse,  greyhound,  and  gamecock.  As  every  detail 
of  structure  in  each  species  has  to  be  closely  adapted  to  its 
habits  of  life,  it  wiU  rarely  happen  that  one  part  alone  Tvill 
be  modified;  but,  as  was  formerly  shown,  the  co-adapted 
modifications  need  not  be  absolutely  simultaneous.  Many 
variations,  however,  are  from  the  first  connected  by  the  law  of 
correlation.  Hence  it  follows  that  even  closely-allied  species 
rarely  or  never  differ  from  one  another  by  one  character 
alone  ;  and  the  same  remark  is  to  a  certain  extent  applicable 
to  domestic  races ;  for  these,  if  they  differ  much,  generally 
differ  in  many  respects. 

Some  naturalists  boldly  insist  ^  that  species  are  absolutely 
distinct  productions,  never  passing  by  intermediate  links  into 
one  another;  whilst  they  maintain  that  domestic  varieties 
can  always  be  connected  either  with  one  another  or  with  their 
X>arent-forms.  But  if  we  could  always  find  the  links  between 
the  several  breeds  of  the  dog,  horse,  cattle,  sheep,  pigs,  iVc, 
there  would  not  have  been  such  incessant  doubts  whether 
they  were  descended  from  one  or  several  species.  The  grey- 
hound genus,  if  such  a  term  may  be  used,  cannot  be  closely 
connected  with  any  other  breed,  unless,  perhaps,  we  go  back  to 
the  ancient  Egyptian  monuments.  Our  English  bulldog  also 
forms  a  very  distinct  breed.  In  all  these  cases  crossed  breeds 
must  of  course  be  excluded,  for  distinct  natural  species  can 
thus  be  likewise  connected.  By  what  links  can  the  Cochin 
fowl  be  closely  united  with  others  ?  By  searching  for  breeds 
still  preserved  in  distant  lands,  and  by  going  back  to 
historical  records,  tumbler-pigeons,  carriers,  and  barbs  can 
be  closely  connected  with  the  parent  rook-pigeon;  but  W9 

1  QodroD,  *  De  V^pk»;  1859,  torn.  ii.  p.  44,  Ac 
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cailnot  thiifl  connect  the  tttrbit  or  the  pouter.  The  degree 
of  distinctness  between  the  various  domestic  breeds  depends 
on  the  amount  of  modification  which  they  have  undergone, 
and  more  especiallj  on  the  nf^lect  and  final  extinction  of 
intermediate  and  loss^valued  formd. 

It  has  often  been  argued  that  no  light  is  thrown  on  the 
changes  which  natural  species  are  believed  to  undergo  from 
the  admitted  changes  of  domestic  races,  as  the  latter  are 
said  to  be  mere  temporary  productions,  always  reverting, 
88  soon  as  they  become  feral,  to  their  pristine  form.  This 
argument  has  been  well  combated  by  Mr.  Wallace;^  and 
full  details  were  given  in  the  thirteenth  chapter,  showing 
that  the  tendency  to  reversion  in  feral  animals  and  plants 
has  been  greatly  exaggerated,  though  no  doubt  it  exists  to 
a  certain  extent.  It  would  be  opposed  to  all  the  principles 
inculcated  in  this  work,  if  domestic  animals,  when  exposed 
to  new  conditions  and  compelled  to  struggle  for  their 
own  wants  against  a  hoet  of  foreign  competitors,  were  not 
modified  in  tiie  course  of  time.  It  should  also  be  remem- 
bered that  many  characters  lie  latent  in  all  organic  beings, 
ready  to  be  evolved  under  fitting  conditions ;  and  in  breeds 
modified  within  recent  times,  the  tendency  to  reversion  is 
particularly  strong.  But  the  antiquity  of  some  of  our  breeds 
clearly  proves  that  they  remain  nearly  constant  as  long  as 
their  conditions  of  life  remain  the  same. 

It  has  been  boldly  maintained  by  some  authors  that  the 
amount  of  variation  to  which  our  domestic  productions  are 
liable  is  strictly  limited ;  but  this  is  an  assertion  resting  on 
little  evidence.  Whether  or  not  the  amount  of  change  in 
any  particular  direction  is  limited,  the  tendency  to  genera 
variability  is,  as  far  as  we  can  judge,  unlimited.  Catt  e 
sheep,  and  pigs  have  vaiied  under  domestication  from  the 
remotest  period,  as  shown  by  the  reseai*ches  of  Kutimeyer 
and  others;  yet  these  animals  have  been  improved  to  an 
unparalleled  degree,  within  quite  recent  times,  and  this 
implies  continued  variability  of  structure.  Whc^at,  as  we 
know  from  the  remains  found  in  the  Swiss  lake- dwelliuga, 

<  *  Journal  Proe.  Linn.  Soc./  I808,  toI.  iii  p.  60. 
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is  one  of  the.  most  anciently  cultivated  plants,  yet  at  tlio 
present  day  new  and  bett^^r  Tarieties  frequently  arise.  It 
may  be  that  an  ox  will  never  be  produced  of  larger  size  and 
finer  proportions,  or  a  racehorse  fleeter,  than  our  present 
animals,  or  a  gooseben^r  larger  than  the  London  variety; 
but  he  would  be  a  bold  man  who  would  assert  that  the 
3xtrem6  limit  in  these  respects  has  been  finally  attained. 
With  flowers  and  fruit  it  has  repeatedly  been  asserted  that 
perfection  has  been  reached,  but  the  standard  has  soon  been 
excelled.  A  breed  of  pigeons  may  never  be  produced  with  a 
beak  shorter  than  that  of  the  present  short-faced  tumbler,  or 
with  one  longer  than  that  of  the  English  carrier,  for  these 
birds  have  weak  constitutions  and  are  bad  breeders ;  but  short- 
ness and  length  of  beak  are  the  points  which  have  been 
steadily  improved  during  the  last  150  years,  and  some  of 
the  best  judges  deny  that  the  goal  has  yet  been  reached. 
From  reasons  which  could  le  assigited,  it  is  probable  thact 
parts  which  have  now  reached  their  maximum  development^ 
might,  after  remaining  constant  daring  a  long  period,  vary 
again  in  the  direction  of  increase  under  new  conditions  of 
life.  But  there  must  be,  as  Mr.  NN'allace  has  remarked  with 
much  truth,'  a  limit  to  change  in  certain  directions  both 
with  natural  and  domestic  prodiictions ;  for  instance,  there' 
must  be  a  limit  to  the  fleetness  of  any  terrestrial  animal, 
as  this  will  be  determined  by  the  friction  to  be  overcome, 
the  weight  to  be  carried,  and  the  power  of  contraction  in  the 
muscular  fibres.  The  English  racehorse  may  have  reached 
this  limit ;  but  it  already  surpasses  in  fleetness  its  own  wild 
progenitor  and  all  other  equine  spocios.  The  phort-faoed 
tumbler-pigeon  has  a  beak  shorter,  and  the  carrier  a  beak 
longer,  relatively  to  the  size  of  their  bodies,  than  that  of  any 
natural  species  of  the  family.  Our  apples,  pears  and  goose- 
berries bear  larger  fruit  than  those  of  any  natural  species 
of  the  same  genera ;  and  so  in  many  other  cases. 

It  is  not  surprising,  seeing  the  great  difference  between 

many  domestic  breeds,  that  some  few  naturalists  have  oon- 

pluded  that  each  is  descended  from  a  distinct  aborifcinal  stock, 

more  especially  as  the  principle  of  selection  has  been  ignored, 

•  <The  Quurter!/  Journal  of  Science,'  Oct.  1867,  p.  4«tt. 
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and  the  bigh  antiqaity  of  man,  as  a  breeder  of  animala  baa 
only  recently  become  known.  Most  naturaliBts,  bowever, 
freely  admit  tbat  our  variooB  breeds,  bowever  disaimilar, 
are  descended  from  a  single  stock,  altbougb  they  do  not 
know  mucb  about  the  art  of  breeding,  cannot  sbow  tbe 
connecting  links,  nor  say  wbere  and  wben  tbe  breeds  arose^ 
Yet  these  same  naturalists  declare,  with  an  air  of  philo- 
sophical caution,  that  they  will  never  admit  that  one  nataral 
species  has  given  birth  to  another  until  they  behold  all  the 
transitional  steps.  Fanciers  use  exactly  the  same  language 
with  respect  to  domestic  breeds ;  thus,  an  author  of  an  excellent 
treatise  on  pigeons  says  he  will  never  allow  that  the  carrier 
and  fantail  are  the  descendants  of  the  wild  rock-pigeon, 
until  the  transitions  have  "  actually  been  observed,  and  can 
'*  be  repeated  whenever  man  chooses  to  set  about  the  task.? 
Ko  doubt  it  is  difficult  to  realise  that  slight  changes  added 
up  during  long  centuries  can  produce  such  great  results; 
but  he  who  wishes  to  understand  the  origin  of  domestic  breeds 
or  of  natural  species  must  overcome  this  difficulty. 

The  causes  which  excite  and  the  laws  which  govern  variar 
bility  have  been  discussed  so  lately,  that  I  need  here  only 
enumerate  the  leading  points.  As  domesticated  organisms  are 
much  more  liable  to  slight  deviations  of  structure  and  to  mon- 
strosities than  species  living  under  their  natural  conditions, 
and  as  widely-ranging  species  generally  vary  more  than  those 
which  inhabit  restricted  areas,  we  may  infer  that  variability 
mainly  depends  on  changed  conditions  of  life.  We  must  not 
overlook  the  effects  of  the  unequal  combination  of  the  charac- 
ters derived  from  both  parents,  or  reversion  to  former  pro- 
genitors. Changed  conditions  have  an  especial  tendency  to 
render  the  reproductive  organs  more  or  less  impotent,  as 
shown  in  the  chapter  devoted  to  this  subject;  and  these 
organs  consequently  often  fail  to  transmit  faithfully  the 
parental  characters.  Changed  conditions  also  act  directly 
and  definitely  on  the  organisation,  so  that  all  or  nearly  a(l 
tlie  individuals  of  the  Lame  species  thus  exposed  become 
modified  in  the  same  manner ;  but  why  this  or  that  part  |b 
especially  affected  we  can  seldom  or  ever  say.  In  moat 
•cases,  however,  a  change  in  the  conditions  seems  to  aqt 


414  CONCLUDING  BEMARK8.  Chai*.  XXYIIL 

indefinitely,  causing  divorstfied  variations  in  nearly  the 
same  manner  as  ez^xMure  to  cold  or  the  absorption  of  the 
same  poison  affeots  different  individuals  in  different  ways. 
AVe  have  reason  to  suspect  that  an  habitual  excess  of  highly- 
nutritious  food,  or  an  excess  relatively  to  the  wear  and  tear 
of  the  organisation  from  exercise,  is  a  powerful  exciting  cause 
of  variability.  When  we  see  the  symmetrical  and  complex 
outgrowths,  caused  by  a  minute  drop  of  the  poison  of  a  gall- 
insect,  we  may  believe  that  slight  changes  in  the  chemical 
nature  of  the  sap  or  blood  would  lead  to  extiuordinary  modi- 
iications  of  structure. 

The  increased  use  of  a  muscle  with  its  various  attached 
parts,  and  the  increased  activity  of  a  gland  or  other  organ, 
lead  to  their  increased  development.  Disuse  has  a  contrary 
effect.  AVith  domesticated  productions,  although  their  organs 
sometimes  become  rudimentary  through  abortion,  we  have  no 
reason  to  suppose  that  this  has  ever  followed  solely  from 
disuse.  With  natural  species,  on  the  contrary,  many  organs 
api)ear  to  have  been  rendered  rudimentary  through  disuse 
aided  by  the  principle  of  the  economy  of  growth  togeth^ 
with  intercrossing.  Complete  abortion  can  be  accounted  for 
only  by  the  hyj^thesis  given  in  the  last  chapter,  namely,  the 
final  deistruction  of  the  germs  or  gemmules  of  useless  parts. 
This  difference  between  species  and  domestic  varieties  may 
be  partly  accounted  for  by  disuse  liaving  acted  on  the 
latter  for  an  insufiBcient  length  of  time,  and  partly  from 
their  exemption  from  any  severe  struggle  for  existence 
entailing  rigid  economy  in  the  development  of  each  j  art,  to 
which  all  species  under  nature  are  subjected.  Nevertheless 
the  law  of  compensation  or  balancement,  which  likewise 
depends  on  the  economy  of  growth,  apparently  has  affected 
to  a  certain  extent  our  domesticated  productions. 

As  almost  every  part  of  the  organisation  becomes  highly 
variable  under  domestication,  and  as  variations  are  eajsily 
selected  both  consciously  and  unconsciously,  it  is  very  diffi- 
cult to  distinguish  between  the  effects  of  the  lE^election  of 
indefinite  variations  and  the  direct  action  of  the  conditions 
of  life.  For  instance,  it  is  possible  that  the  feet  of  our  water- 
dogs  and  of  the  American  dogs  which  have  to  travel  much 
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ove'"  the  bnow,  may  have  become  partially  webbed  from  tb« 
stimulus  of  widely  extending  their  toes ;  but  it  is  more  pny* 
bable  that  the  webbing,  like  the  membrane  between  the  toes 
of  certain  pigeons,  spontaneously  appeared  and  was  afterwards 
increased  by  tho  best  swimmers  and  the  best  snow-travellers 
being  pres^erved  during  many  generations.  A  fancier  who 
wished  to  decrease  the  size  of  his  bantams  or  tumbler-pigeons 
would  never  think  of  starving  them,  but  would  select  the 
smallest  individuals  which  spontaneously  appeared.  Quad- 
rupeds are  sometimes  bom  destitute  of  hair  and  hairless 
breeds  have  been  formed,  but  there  is  no  reason  to  believe 
that  this  is  caused  by  a  hot  climate.  ^Vithin  the  tropics  heat 
often  causes  sheep  to  lose  their  fleeces ;  on  the  other  hand, 
wet  and  cold  act  as  a  direct  stimulus  to  tho  growth  of  hair ; 
but  who  will  }»retend  to  decide  how  far  the  thick  fur  of  arctic 
animals,  or  their  white  colour,  is  due  to  the  direct  action  of 
a  severe  climate,  and  how  far  to  tho  preservation  of  the  best- 
protected  individuals  daring  a  long  succession  of  genera- 
tions ? 

Of  all  the  laws  governing  variability,  that  of  correlation  is 
one  of  the  most  important.  In  many  cases  of  slight  deviations 
of  structure  as  well  as  of  grave  monstrosities,  we  cannot  even 
conjecture  what  is  the  nature  of  the  bond  of  connexion.  But 
between  homologous  parts — between  the  fore  and  hind  limbs 
— between  the  hair,  hoofs,  horns,  and  teeth — which  are  closely 
similar  during  their  early  developmont  and  which  are  exposed 
to  similar  conditions,  we  can  see  that  they  would  be  eminently 
Hable  to  be  modified  in  the  same  manner.  Homologous  parts, 
from  having  the  same  nature,  are  apt  to  blend  together,  and, 
when  many  exist,  to  vary  in  number. 

Although  every  variation  is  either  directly  or  indirectly 
caused  by  some  change  in  the  surrounding  conditions,  we 
must  never  fo*  get  that  the  nature  of  the  organisation  which 
is  acted  on,  is  by  far  the  more  important  factor  in  the  result. 
Wo  see  this  in  different  organisms,  which  when  placed  undei 
similar  conditions  vary  in  a  different  manner,  whilst  closely 
al.ied  organisms  under  dissimilar  conditions  ofteii  var}*  in 
nea?'ly  the  same  manner.  We  see  this,  in  the  same  modiiica* 
tioi.  frequently  reappeaiing  in  the  same  variety  at  long 
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intervals  of  time,  and  likewise  in  the  several  striking  casee 
given  of  analogous  or  parallel  variations.  Although  some 
of  these  latter  cases  are  due  to  reversion,  others  cannot  thus 
be  acc»unted  for. 

From  the  indirect  action  of  changed  conditions  on  the 
organisation,  owing  to  the  reproductive  organs  being  thus 
affected — from  the  direct  action  of  such  conditions,  and  these 
will  cause  the  individuals  of  the  same  species  either  to  vaiy 
in  the  same  manner,  or  differently  in  accordance  with  slight 
differences  in  their  oonBtitution — from  the  effects  of  the  in* 
creased  or  decreased  use  of  parts — and  from  correlation, — 
the  variability  of  our  domesticated  productions  is  complicated 
to  an  extreme  degree.  The  whole  organisation  beoomee 
slightly  plastic.  Although  each  modification  must  have  its 
own  exciting  cause,  and  though  each  is  subjected  to  law, 
yet  we  can  so  rart'ly  trace  the  precise  relation  between  cause 
and  effect,  that  we  are  tempted  to  speak  of  variations  as  if 
they  arose  spontaneously.  We  may  even  call  them  accidental, 
but  this  must  be  only  in  the  sense  in  which  we  ray  that 
a  fragment  of  rock  dix>pped  from  a  height  owes  its  shape  to 
accident. 

It  may  be  worth  whUe  briefly  to  consider  the  result  of  the 
exposure  to  unnatural  conditions  of  a  large  number  of  animals 
of  the  same  species  and  allowed  to  cross  freely  with  no 
selection  of  any  kind,  and  afterwards  to  consider  the  result 
when  selection  is  brought  into  play.  Let  us  suppose  that 
500  wild  rock-pigeons  were  confined  in  their  native  land  in 
an  aviary  and  fed  in  the  same  manner  as  pigeons  usually 
are ;  and  that  they  were  not  allowed  to  increase  in  number. 
As  pigeons  propagate  so  rapidly,  I  suppose  that  a  thousand 
or  fifteen  hundred  birds  would  have  to  be  annually  killed. 
After  several  generations  had  been  thus  reared,  we  may 
feel  sure  that  some  of  the  3'oung  birds  would  vary,  and 
the  variations  would  tend  to  be  inherited;  for  at  the 
present  day  slight  deviations  of  structure  often  occur  and 
are  inherited.  It  would  be  tedious  even  to  enumei'ate  the 
multitude  of  points  which  still  go  on  var^'ing  or  have 
recently  varied.     Many  vaiiations  would  occur  in  oorrel** 
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tion  with  one  another,  as  the  length  of  the  wipg  and 
tail  feathers — the  number  of  the  primary  wing-feathors,  as 
well  as  the  number  and  breadth  of  the  ribs,  in  corrolation 
with  the  size  and  form  of  the  body — the  number  of  tne 
Bcutelhe  with  the  size  of  the  feet — the  length  of  the  tongue 
with  the  length  of  the  beak — the  size  of  the  nostrils  and 
eyelids  and  the  form  of  lower  jaw  in  correlation  with  the 
development  of  wattle — the  nakedness  of  the  young  with  the 
future  colour  of  the  plumage — the  size  of  the  feet  with  that 
of  the  beak,  and  other  such  points.  Lastly,  as  our  birds  are 
supposed  to  be  confined  in  an  aviary,  they  would  use  their 
wings  and  legs  but  little,  aud  certain  parts  of  the  skeleton, 
such  as  the  sternum,  scapulee  and  feet,  would  in  consequence 
become  slightly  reduced  in  size. 

As  in  our  assumed  case  many  birds  have  to  be  indiscrimi- 
nately killed  every  year,  the  chances  are  against  any  new 
variety  surviving  long  enough  to  breed.  And  as  the  varia- 
tions which  arise  are  of  an  extremely  diversified  nature,  the 
chances  are  very  great  against  two  birds  pairing  which  have 
varied  in  the  same  manner;  nevertheless,  a  varying  bird 
even  when  not  thus  paired  would  occasionally  transmit  its 
character  to  its  young ;  and  these  would  not  only  be  exposed 
to  the  same  conditions  which  first  caused  the  variation  in 
question  to  appear,  but  would  in  addition  inherit  from  their 
modified  parent  a  tendency  again  to  vary  in  the  same  manner. 
(So  that,  if  the  conditions  decidedly  tended  to  induce  some 
particular  variation,  all  the  birds  might  in  the  course  of  time 
become  similarly  modified.  But  a  far  commoner  result  would 
be,  that  one  bird  would  vary  in  one  way  and  another  bird  in 
another  way  ;  one  would  be  born  with  a  beak  a  little  longer, 
and  another  with  a  shorter  beak;  one  would  gain  some  black 
feathers,  another  some  white  or  red  feathers.  And  as  these 
birds  would  be  continually  intercrossing,  the  final  result  would 
be  a  body  of  individuals  differing  from  each  other  in  many 
ways,  but  only  slightly;  yet  more  than  did  the  original  rock- 
pigeons.  But  there  would  not  be  the  least  tendency  towards 
the  formation  of  several  distinct  breeds. 

If  two  separate  lots  of  pigeons  were  treated  in  the  manner 
just  described,  one  in  £ngland  and  the  other  in  a  tropical 
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•ountry,  the  two  lots  being  supplied  with  different  kinds  of 
food,  would  they  after  many  generations  differ  ?  When  we 
reflect  on  the  casen  given  in  the  twenty-third  chapter,  and 
on  such  facts  as  the  difference  in  former  times  between  the 
breeds  of  cattle,  sheep,  (fee,  in  almost  every  district  of  Europe, 
^ve  are  strongly  inclined  to  admit  that  the  two  lots  would  1x> 
differently  modified  through  the  influence  of  climate  and  food, 
liut  the  evidence  on  the  deflnite  action  of  changed  conditions 
is  in  most  cases  insufiBcient;  and,  with  respect  to  pigeons,  I 
have  had  the  opportunity  of  examining  a  large  collection  of 
domesticated  kinds,  sent  to  me  by  Sir  W.  Elliot  from  India, 
and  they  varied  in  a  remarkably  similar  manner  with  out 
European  birds. 

If  two  distinct  breeds  were  mingled  together  in  equal 
numbers,  there  is  reason  to  suspect  that  they  would  to  a 
certain  extent  prefer  paiiing  with  their  own  kind ;  but  they 
would  often  intercross.  From  the  greater  vigour  and  fertility 
of  the  crossed  offspring,  the  whole  body  would  by  this  means 
bec^ome  interblended  sooner  than  would  otherwise  have  oc* 
curred.  From  certain  bi-eeds  being  prepotent  over  others,  it 
does  not  follow  that  the  interblended  progeny  would  be  strictly 
intermediate  in  character.  I  have,  also,  proved  that  the  act 
of  crossing  in  itself  gives  a  strong  tendency  to  reversion,  so 
that  the  crossed  offspring  would  tend  to  revert  to  tho  state 
of  the  aboriginal  rock-pigeon ;  and  in  the  course  of  time  they 
would  probably  be  not  much  riore  heterogeneous  in  character 
than  in  our  first  case,  when  birds  of  the  same  breed  were 
confined  together. 

I  have  just  said  that  the  crossed  offspring  would  vain  in 
vigour  and  fertility.  From  the  facts  given  in  the  seventeenth 
chapter  there  can  be  no  doubt  of  this  fact ;  and  there  can  be 
little  doubt,  though  the  evidence  on  this  head  is  not  so  easily 
acquired,  that  long-continued  close  interbreeding  leads  t)  evil 
results.  With  hermaphrodites  of  all  kinds,  if  the  sexual  ele< 
ments  of  the  same  individual  habitually  acted  on  each  other, 
the  closest  possible  interbreeding  would  be  peri)etual.  But 
we  should  bear  in  mind  that  the  structure  of  a  1  herma-* 
phroditb  animals,  as  far  as  I  can  learn,  permits  and  fr^ 
quently  necessitates  a  cioss  with  u  liistiuot  individaal.    With 
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liermapliTodite  plants  we  inoessantly  meet  with  elaborate  and 
perfect  oontrivanoes  for  this  same  end.  It  is  no  exagge- 
ration to  assert  that,  if  the  use  of  the  talons  and  tusks  of  a 
camivoroQs  animal,  or  of  the  plnmes  and  hooks  on  a  seed,  may 
be  safely  inferred  from  their  structore,  we  may  with  equal 
safety  infer  that  many  flowers  are  constructed  for  the  express 
purpose  of  ensuring  a  cross  with  a  distinct  plant.  From 
these  various  considerations,  not  to  mention  the  result  of  a 
long  series  of  experiments  which  I  have  tried,  the  conclusion 
arrived  at  in  the  chapter  just  referred  to — namely,  that  great 
good  of  some  kind  is  derived  from  the  sexual  concourse  of 
distinct  individuals— must  be  admitted. 

To  return  to  our  illustration :  we  have  hitherto  assumed 
that  the  birds  wore  kept  down  to  the  same  number  by  indis- 
criminate slaughter ;  but  if  the  least  choice  be  permitted  in 
their  preservation,  the  whole  result  will  be  changed.  Should 
the  owner  observe  any  slight  variation  in  one  of  his  birds, 
and  wish  to  obtain  a  breed  thus  characterised,  he  would  succeeil 
in  a  surprisingly  short  time  by  careful  selection.  As  any 
part  which  has  once  varied  generally  goes  on  varying  in  the 
same  direction,  it  is  easy,  by  continually  preserving  the  most 
strongly  marked  individuals,  to  increase  the  amount  of  differ- 
ence  up  to  a  high,  predetermined  standard  of  excellence. 
This  is  methodical  selection* 

If  the  owner  of  the  aviary,  without  any  thought  of  making 
a  new  breed,  simply  admired,  for  instance,  short-beaked  more 
than  long-beaked  birds,  he  would,  when  he  had  to  reduce  th9 
number,  generally  kill  the  latter ;  and  there  can  be  no  doubt 
that  he  would  thus  in  the  course  of  time  sensibly  modify  his 
stock.  It  is  improbable,  if  two  men  were  to  keep  pigeons 
and  act  in  this  manner,  that  they  would  prefer  exactly  the 
same  characters;  they  would,  as  we  know,  often  prefer 
directly  opposite  chai*acters,  and  the  two  lots  would  ulti- 
mately come  to  di£fer.  This  has  actually  occurred  wiiti 
strains  or  families  of  cattle,  sheep,  and  pigeons,  which  have 
been  long  kept  and  carefully  attended  to  by  different  breeders, 
without  any  wish  on  their  part  to  form  new  and  distinct  subr 
breeds.  This  unconscious  kind  of  selection  will  more  espe- 
cially come  into  action  with  animals  tvhich  are  highly  service* 
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able  to  man ;  for  every  one  tries  to  get  the  beet  dogs,  horses, 
oows,  or  «heep,  without  thinking  about  their  future  progeny, 
yet  these  animals  would  transmit  more  or  less  surely  their 
good  qualities  to  their  offspring.  Kor  is  any  one  so  carelcsa 
as  to  breed  from  his  wont  animals.  Even  savages,  when 
compelled  from  extreme  want  to  kill  some  of  their  animals;, 
would  destroy  the  worst  and  preserve  the  best.  With  ani- 
mals kept  for  use  and  not  for  mere  amusement,  different 
fashions  prevail  in  different  districts,  loading  to  the  preserva- 
tion, and  consequently  to  the  transmission,  of  all  sorts  of 
trifling  peculiarities  of  character.  The  same  process  will 
have  been  pursued  with  our  fruit-trees  and  vegetables,  for 
the  best  will  always  have  been  the  most  largely  cultivated, 
and  will  occasionally  have  yielded  seedlings  better  than  their 
parents. 

The  different  strains,  just  alluded  to,  which  have  been 
actually  produced  by  breeders  without  any  wish  on  their 
part  to  obtain  such  a  result,  afford  excellent  evidence  of  the 
|)ower  of  unconscious  selection.  This  form  of  selection  has 
probably  led  to  far  more  important  results  than  methodical 
selection,  and  is  likewise  more  important  under  a  theoretical 
point  of  view  from  closely  resembling  natural  selection.  For 
during  this  process  the  best  or  most  valued  individuals  aro 
not  separated  and  prevented  from  crossing  with  others  of  the 
Same  breed,  but  are  simply  preferred  and  preserved ;  yet  this 
inevitably  leads  to  their  gradual  modification  and  improve- 
ment ;  so  that  finally  they  prevail,  to  the  exclusion  of  the  old 
parent-form. 

With  our  domesticated  animals  natural  selection  checks 
the  production  of  races  with  any  injurious  deviation  of  struc- 
ture. In  the  case  of  animals  which,  from  being  kept  by 
savages  or  semi-civilised  people,  have  to  provide  largely  for 
their  own  wants  under  different  circumstances,  natural  selec- 
tion will  have  played  a  more  important  part.  Hence  it 
probably  is  that  they  often  closely  resemble  natural  species. 

As  there  is  no  limit  to  man's  desire  to  possess  animals  and 
plants  more  and  more  useful  in  any  respect,  and  as  the  fanciP^ 
always  wishes,  owing  to  fashions  running  into  extremes,  to 
produce  each  character  more  and  more  strongly  pronounced. 
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tliero  is,  througli  the  prolonged  action  of  methodical  and 
nnconscious  selection,  a  constant  tendency  in  every  breed  to 
become  more  and  more  different  from  its  parent-stock ;  and 
when  several  breeds  have  been  produced  and  are  valued  for 
different  qualities,  to  differ  more  and  more  from  each  other 
This  leads  to  Divergence  of  Character.  As  improved  sub* 
varieties  and  races  are  slowly  formed,  the  older  and  less 
improved  breeds  are  neglected  and  decrease  in  number.  When 
few  individuals  of  any  breed  exist  within  the  same  locality, 
close  interbreeding,  by  lessening  their  vigour  and  fei-tility, 
aids  in  their  final  extinction.  Thus  the  intermediate  links 
are  lost,  and  the  remaining  breeds  gain  in  Distinctness  of 
Character. 

In  the  chapters  on  the  Pigeon,  it  was  proved  by  historical 
evidence  and  by  the  existence  of  connecting  sub-varieties  in 
distant  lands  that  several  breeds  have  steadily  diverged  in 
character,  and  that  many  old  and  intermediate  sub-breeds 
have  been  lost.  Other  cases  could  be  adduced  of  the  extinc- 
tion of  domestic  breeds,  as  of  the  Irish  wolf-dog,  the  old 
English  hound,  and  of  two  breeds  in  France,  one  of  which 
was  foimerly  highly  valued.*  Mr.  Pickering  remarks  ^  that 
the  sheep  figured  on  the  most  ancient  Egyptian  monuments 
is  unknown  at  the  present  day ;  and  at  least  one  variety  of 
'*  the  bullock,  formerly  known  in  Egypt,  has  in  like  manner 
**  become  extbict.'*  So  it  has  been  with  some  animals  and 
with  several  plants  cultivated  by  the  ancient  inhabitants  of 
Europe  during  the  neolithic  period.  In  Peru^  Von  Tschudi  ^ 
found  in  certain  tombs,  apparently  prior  to  the  dynasty  of  the 
Incas,  two  kinds  of  maize  not  now  known  in  the  country. 
With  our  flowers  and  culinary  vegetables,  the  production  of 
new  varieties  and  their  extinction  has  incessantly  recurred. 
At  the  present  time  improved  breeds  sometimes  displace  older 
breeds  at  an  extraordinarily  rapid  rate ;  as  has  recently  occurred 
throughout  England  with  pigs.  The  Long-horn  cattle  in 
their  native  home  were  '*  suddenly  swept  away  as  if  by  some 
^  murderous  pestilence,"  by  the  introduction  of  Short-horns.^ 

•  M.  Rufz  de  Lavison,  in  *  Bull.  Soc       p.  177. 

Imp.  d'Acclimnt.,'  Dec.  1862,  p.  1009.  '  Yooatt  on  Cattle,  1834,  p.  200. 

•  *  Races  of  Man,'  1850,  p.  315.  On  PigH,  see  *Gard.  Chronicle,^  1854, 

•  *  Travels  in  Peru,'  Eug.  Traaslai.,      p.  4 10. 
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Mliat  grand  rcsultA  havo  followed  from  the  long-ooniinnod 
iM^tion  of  methodical  and  unconscioiiB  selection,  regulated  to  « 
Dortaiu  extent  by  natural  selection,  we  see  on  every  side  of  iw. 
Compare  the  many  animals  and  plants  which  are  displayed  nt 
our  exhibitions  with  their  parent-forms  when  these  are  known, 
or  consult  old  historical  records  with  respect  to  their  former 
8t^te.  Most  of  our  domesticated  animals  have  given  rise  to 
numerous  etnd  distinct  races,  but  those  which  cannot  be  easily 
subjected  to  selection  must  bo  excepted —such  as  cats,  the 
cochineal  insect,  and  the  hive-bee.  In  accordance  with  what 
we  know  of  the  process  of  selection,  the  formation  of  our 
many  racos  has  been  slow  and  gradual.  The  man  who  first 
obseryed  and  preserved  a  pigeon  with  its  oesophagus  a  little 
enlarged,  its  beak  a  little  longer,  or  its  tail  a  little  more 
expanded  than  usual,  never  dreamed  that  he  had  made  the 
first  step  in  the  creation  of  a  pouter,  carrier,  and  fantail- 
pigeon.  Man  can  create  not  only  anomalous  breeds,  but 
others  having  their  whole  structure  admirably  co-ordinated 
fur  certain  pur]^x)6e8,  such  as  the  race-horse  and  dray-horse,  or 
the  greyhound  and  bulldog.  It  is  by  no  means  necessary 
that  each  small  change  of  structure  throughout  the  body, 
leading  towards  excellence,  should  simultaneously  arise  and 
be  selected.  Although  man  seldom  attends  to  differences  in 
organs  which  are  important  under  a  physiological  point  of 
view,  yd  he  has  so  profoundly  modified  some  breeds,  that 
asurodly,  if  found  wild,  they  would  be  ranked  as  distinct 
genera. 

The  best  proof  of  what  selection  has  efifected  is  perhaps 
afforded  by  the  fact  that  whatever  part  or  quality  in  any 
animal,  and  more  especially  in  any  plant,  is  most  valued  bv 
man,  that  part  or  quality  differs  most  in  the  several  races. 
This  result  is  well  seen  by  comparing  the  amount  of  difibrence 
between  the  fruits  produced  by  the  several  varieties  of  fruit- 
trees,  between  the  flowers  of  our  flower-garden  plants,  between 
the  seeds,  roots,  or  leaves  of  our  culinary  and  agricultural 
plants,  in  comparison  with  the  other  and  not  valued  parts  of 
the  same  varieties.  Striking  evidence  of  a  different  kind  is 
Afforded  by  the  fact  ascertained  by  Oswald  Heer,®  namely, 
that  the  seeds  of  a  large  number  of  plants, — wheat,  barley, 

•  <  Die  Pflanzen  aer  Pfahlbauten,'  1865. 
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oats,  peas,  beans,  lentils,  poppies, — cultivated  for  their  seed 
by  the  ancient  Lake-inhabitants  of  Switzerland,  were  all 
smaller  than  the  seeds  of  our  existing  varieties.  Biitimeyer 
has  shown  that  the  sheep  and  cattle  which  were  kept  by  the 
earlier  Lake-inhabitants  were  likewise  smaller  than  our 
present  breeds.  In  the  middens  of  Denmark,  the  earliest  dog 
of  which  the  remains  have  been  found  was  the  weakest ;  this 
was  succeeded  during  the  Bronze  age  by  a  stronger  kind,  and 
this  again  during  the  Iron  age  by  one  still  stronger.  The 
sheep  of  Denmark  during  the  Bronze  period  bad  extra- 
ordinarily slender  limbs,  and  the  horse  was  smaller  than  our 
present  animal.'  No  doubt  in  most  of  these  cases  the  new 
and  larger  breeds  were  introduced  from  foreign  lands  by  the 
immigration  of  new  hordes  of  men.  But  it  is  not  probable  that 
each  larger  breed,  which  in  the  course  of  time  has  supplanted 
a  previous  and  smaller  breed,  was  the  descendant  of  a  distinct 
and  larger  species ;  it  is  far  more  probable  that  the  domestic 
races  of  our  various  animals  were  gradually  improved  in 
different  parts  of  the  great  Europeeo- Asiatic  continent,  and 
thence  spread  to  other  countries.  This  fact  of  the  gradual 
increase  in  size  of  our  domestic  animals  is  all  the  more 
striking  as  certain  wild  or  half-wild  animals,  such  as  red- 
deer,  aurochs,  park-cattle,  and  boars,^''  have  within  nearly  the 
same  period  decreased  in  size. 

The  conditions  favourable  to  selection  by  man  are, — the 
closest  attention  to  every  character,— long-continued  per- 
severance,— facility  in  matching  or  separating  animals,— and 
especially  a  large  number  being  kept,  so  that  the  inferior 
individuals  may  be  freely  rejected  or  destroyed,  and  the  better 
ones  preserved.  When  many  are  kept  there  will  also  be  a 
greater  chance  of  the  occurrence  of  well-marked  deviations  of 
^struotu^e.  Length  of  time  is  all-important ;  for  as  each  cha- 
racter, in  order  to  become  strongly  pronounced,  has  to  be 
auoTimented  by  the  selection  of  successive  variations  of  the 
same  kind,  this  can  be  effected  only  during  a  long  series  of 
generations.  Length  of  time  will,  also,  allow  any  new 
feature  to  become  fixed  by  the  continued  rejection  of  those 

•  Morlot,  *Soc.   Vaud.  des  Scien.  "  Ratimeyer,     *  Die     Fauv*    del 
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individuals  which  revert  or  vary,  and  by  the  pi'eservation  of 
tliose  which  still  inherit  the  new  character.  Hence,  although 
B(m\e  few  aiiimals  have  varied  rapidly  in  certain  respects 
under  new  conditions  of  life,  as  dogs  in  India  and  sheep  in 
the  West  Indies,  \et  all  the  animals  and  plants  which  have 
produced  strongly  marked  races  were  domesticated  Ht  aa 
extremely  remote  epoch,  often  before  the  dawn  of  history.  As 
a  consequence  of  this,  no  record  has  been  preserved  of  the 
origin  of  our  chief  domestic  breeds.  Even  at  the  present  day 
new  strains  or  sub-breeds  are  formed  so  slowly  that  their  first 
appearance  passes  unnoticed.  A  man  attends  to  some  par- 
ticular character,  or  merely  matches  his  animals  with  unusual 
care,  and  after  a  time  a  slight  difference  is  perceived  by  his 
neighbours ; — the  difference  goes  on  being  augmented  by  un- 
conscious and  methodical  selection,  until  at  last  a  new  sub- 
breed  is  formed,  receives  a  local  name,  and  spreads ;  but  by 
this  time  its  history  is  almost  forgotten.  When  the  new 
breed  has  spread  widely,  it  gives  rise  to  new  strains  and  snb- 
b]*eeds,  and  the  best  of  these  succeed  and  spread,  supplanting 
other  and  older  breeds ;  and  so  always  onwards  in  the  march 
of  improvement. 

When  a  well-marked  breed  has  once  been  established,  if  not 
supplanted  by  still  further  improved  sub-breeds,  and  if  not 
exposed  to  greatly  changed  conditions  of  life  inducing  further 
variability  or  reversion  to  long-lost  characters,  it  may  ap- 
parently last  for  an  enormous  period.  We  may  infer  that  this 
is  the  case  from  the  high  antiquity  of  certain  races ;  but  some 
caution  is  necessary  on  this  head,  for  the  same  variation  may 
appear  independently  after  long  intervals  of  time,  or  in  distant 
places.  We  may  safely  assume  that  this  has  occurred  with  the 
turnspit-dog,  of  which  one  is  figured  on  the  ancient  Egyptian 
monuments— with  the  solid-hoofed  swine ^^  mentioned  by 
Aristotle — with  five-toed  fowls  described  by  Columella — and 
certainly  with  the  nectarine.  The  dogs  represented  on  the 
Egyptian  monuments,  about  2000  B.C.,  show  us  that  some  of 
the  chief  breeds  then  existed,  but  it  is  extremely  doubtful 
whether  any  are  identically  the  same  with  our  present  breeds. 
A  great  mastiff  sculptured  on  an  Assyrian  tomb,  640  b.c'.«  is 

11  Godron,  'De  I'Esptee,'  torn,  i.,  1859,  p.  368. 
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laid  to  be  the  same  with  the  dog  still  imported  from  Thibet 
into  the  same  i-egion.  The  true  greyhound -existed  during  the 
Roman  clabsica)  period.  Coming  down  to  a  later  period,  we 
have  seen  that,  though  most  of  the  chief  breeds  of  the  pigeon 
existed  between  two  and  three  centuries  ago,  they  have  not 
all  retained  exactly  the  same  character  to  the  pi'esent  day ; 
but  this  has  occurred  in  certain  cases  in  which  no  improve- 
ment was  desired,  for  instance,  in  the  case  of  the  Spot  and 
Indian  ground-tuftibler. 

Be  CandoUe  ^^  has  fully  discussed  the  antiquity  of  various 
races  of  plants :  he  stat.e6  that  the  black  seeded  poppy  was 
known  in  the  time  of  Homer,  the  white-seeded  sesamum  by 
the  ancient  Egyptians,  and  almonds  with  sweet  and  bitter 
kernels  by  the  Hebrews;  but  it  does  not  seem  improbable 
that  some  of  these  varieties  may  have  been  lo^t  and  reap* 
peared.  One  variety  of  barley  and  apparently  one  of  wheat, 
both  of  which  were  cultivated  at  an  immensely  remote  period 
by  the  Lake-inhabitants  of  Switzerland,  still  exist.  It  is 
said  ^^  that  "  s|)ecimens  of  a  small  variety  of  gourd  which  is 
**  still  common  in  the  market  of  Lima  were  exhumed  from  an 
'*  ancient  cemetery  in  Peru."  De  Candolle  remarks  that,  in 
the  books  and  drawings  of  the  sixteenth  century,  the  principal 
races  of  the  cabbage,  turnip,  and  gourd  can  be  recognised  : 
this  might  have  been  expected  at  so  late  a  period,  but 
whether  any  of  these  plants  are  absolutely  identical  with 
our  present  sub-varieties  is  not  certain,  it  is,  however,  said 
that  the  Brussels  sprout,  a  variety  which  in  some  places  is 
liable  to  degeneration,  has  remained  genuine  for  more  than 
four  centuries  in  the  district  where  it  is  believed  to  have 
originated.^* 

In  accordance  with  the  views  maintained  by  me  in  this 
work  and  elsewhere,  not  only  the  various  domestic  races,  but 
tlie  most  distinct  genera  and  orders  within  the  same  great 
class— for  instance,  mammals,  birds,  reptiles,  and  fishes — are 

»  <G^ographie   Botan.,'   1855,  p.  *«  <  Journal    of    a    Horticultural 
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all  the  desoendantfi  of  one  common  progenitor,  and  we  must 
admit  that  the  whole  vast  amount  of  difference  between 
these  forms  has  primarily  arisen  from  simple  variabilitj. 
To  consider  the  subject  under  this  point  of  view  is  enough  to 
strike  one  dumb  with  amazement.  But  our  amazement  ought 
to  be  lessened  when  we  reflect  that  beings  almost  infinite  in 
number,  during  an  almost  infinite  lapse  of  time,  have  often 
had  their  whole  organisation  rendered  in  some  degree 
plastic,  and  that  each  slight  modification  of  structure  which 
was  in  any  way  beneficial  under  excessively  complex  con- 
ditions of  life  has  been  preserved,  whilst  each  which  was  in 
any  way  injurious  has  been  rigorously  destroyed.  And  the 
long-continued  accumulation  of  beneficial  variations  vrill 
inf  illibly  have  led  to  structures  as  diversified,  as  beautifully 
adapted  for  various  purposes  and  as  excellently  co-ordinated, 
as  we  see  in  the  animals  and  plants  around  us.  Hence  I 
have  8{x>ken  of  selection  as  the  paramount  power,  whether 
applied  by  man  to  the  formation  of  domestic  breeds,  or  by 
nature  to  the  production  of  species.  I  may  recur  to  the 
metaphor  given  in  a  former  chapter :  if  an  architect  were 
to  rear  a  noble  and  commodious  edifice,  without  the  use  of  cut 
stone,  by  helccting  from  the  fragments  at  the  base  of  a  preci- 
pice wedge-formed  stones  for  his  arches,  elongated  stones  for 
his  lintels,  and  fiat  stones  for  his  roof,  we  should  admire  his 
skill  and  regard  him  as  the  paramount  power.  Now,  the 
fragments  of  stone,  though  indispensable  to  the  architect^ 
bear  to  the  edifice  built  by  him  the  same  relation  which  the 
fluctuating  variations  of  organic  beings  bear  to  the  varied 
and  ad  mil-able  structures  ultimately  acquired  by  their  modified 
descendants. 

Some  authors  have  declared  that  natural  selection  explains 
nothing,  unless  the  precise  cause  of  each  slight  individual 
difference  be  made  clear.  If  it  were  explained  to  a  savage 
utterly  ignorant  of  the  art  of  building,  how  the  edifice  had 
been  raised  stone  upon  stone,  and  why  wedge-formed  frag- 
ment8  were  used  for  the  arches,  flat  stones  for  the  roof,  &c. ;  and 
if  the  use  of  each  part  and  of  the  whole  building  were  pointed 
but,  it  would  be  unrea.sonable  if  he  declared  that  nothing  had 
been  made  clear  to  him,  because  the  precise  cause  r>i  the  shape 
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of  each  fragment  could  not  be  told.  But  this  is  a  nearly 
parallel  case  with  the  objection  that  seltx^tion  explains  nothing, 
because  we  know  not  the  cause  of  each  individual  di£ferenco  in 
the  structure  of  each  being. 

'1  he  shape  of  the  fragments  of  stone  at  the  base  of  our  pre- 
cipice may  be  called  accidental,  but  this  is  not  strictly  correct ; 
for  the  shape  of  each  depends  on  a  long  sequence  of  events,  all 
obeying  natural  laws ;  on  the  nature  of  the  rock,  on  the  lines 
of  deposition  or  cleavage,  on  the  form  of  the  mountain,  which 
depends  on  its  upheaval  and  subsequent  denudation,  and  lastly 
on  the  storm  or  earthquake  which  throws  down  the  fragments. 
But  in  regard  to  the  use  to  which  the  fragments  may  be  put, 
their  shape  may  be  strictly  said  to  be  accidental.  And  here 
we  are  led  to  face  a  great  difficulty,  in  alluding  to  which  I  am 
aware  that  I  am  travelling  beyond  my  proper  province.  An 
omniscient  Creator  must  have  foreseen  every  consequence 
which  results  from  the  laws  imposed  by  Him.  But  can  it  be 
reasonably  maintained  that  the  Creator  intentionally  ordered, 
if  we  use  the  words  in  any  ordinary  sense,  that  certain  frag- 
ments of  rock  should  assume  certain  shapes  so  that  the  builder 
might  erect  his  edifice?  If  the  various  laws  which  have 
determined  the  shape  of  each  fragment  were  not  predeter- 
mined for  the  builder's  sake,  can  it  be  maintained  with  any 
greater  probability  that  He  specially  ordained  for  the  sake  of 
tlie  breeder  each  of  the  innumerable  variations  in  our  do- 
mestic animals  and  plants ;  —  many  of  these  variations  being 
of  no  service  to  man,  and  not  beneficifil,  far  more  often  inju- 
rious, to  the  crratures  themselves  ?  Did  He  ordain  that  the 
crop  and  tail-feathers  of  the  jiigeon  should  vary  in  order  that 
tlic  fancier  might  make  his  grotesque  pouter  and  fan  tail 
breeds?  Did  He  cause  the  frame  and  mental  qualities  of  the 
dog  to  vary  in  order  that  a  breed  might  be  formed  of  indomi- 
table  ferocity,  with  jaws  fitted  to  pin  down  the  bull  for  man'6 
brutal  sport?  But  if  we  give  up  the  principle  in  one  case,— 
if  we  do  not  admit  that  the  variations  of  the  primeval  dog 
vere  intentionally  guided  in  order  that  the  greyhound,  for 
instance,  that  perfect  image  of  symmetry  and  vigour,  might 
be  formed,— no  shadow  of  reason  can  be  assigned  for  the 
belief  that  variations,  alike  in  nature  and  the  result  of  the 


428  OOKCLODIKG  REMARKS.  Chap.  XXVIII 

same  general  laws,  which  have  been  the  groundwork  through 
natural  selection  of  the  formation  of  the  most  perfectly 
adapted  animals  in  the  world,  man  included,  were  inten- 
tionally and  specially  guided.  However  much  we  may  wifrh 
it,  we  can  hardly  follow  Professor  Asa  Gray  in  his  belief  "  that 
"  variation  has  been  led  along  certain  beneficial  lines,"  like  a 
stream  **  along  definite  and  nseftil  lines  of  irrigation."  If  we 
assume  that  each  particular  variation  was  from  the  beginning 
'of  all  time  preordained,  then  that  plasticity  of  organisation, 
which  leads  to  many  injurious  deviations  of  structure,  as  well 
as  the  redundant  power  of  reproduction  which  inevitably  leads 
to  a  struggle  for  existence,  and,  as  a  consequence,  to  the 
natural  8ele<:tion  or  survival  of  the  fittest,  must  appear  to  us 
superfluous  laws  of  nature.  On  the  other  hand,  an  omui- 
|X)teut  and  omniscient  Creator  ordains  everything  and  fore- 
sees everything,  l^hus  we  are  brought  face  to  fB.ce  with 
a  difficulty  as  insolnble  as  is  that  of  free  will  and  predesti- 
nation* 
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mod  ihtir  ip«(nfic  anitjr,  i.  345 ;   on 
th«  Twieties  of  beans,  i.  349. 

Alezandur  the  Great,  hu  selection  of 
Indian  cattle,  ii.  186. 

AiiGiEy  retrogreasire  metamorphosia  in, 
ii.  354;  diTision  of  sooitpores  of,  ii. 
373. 

ALLiSir,  J.,  birds  in  United  Statea,  ii. 
271. 

Allen,  W.,  on  feral  fowla,  i.  249,  ii. 
7. 

Allman,  Professor,  on  a  nioni«trons 
Saxifraga  geum,  ii.  150 ;  on  the  Hj- 
droida,  ii.  354,  364. 

Almond,  i.  357  ;  antiquity  of,  ii.  425 ; 
bitter,  not  eaten  by  mice,  ii.  218. 

Ainus  (jlutinoM^  and  tncanOy  hybrids  of, 
ii.  111. 

Alpaca,  selection  of,  ii.  192. 

AltkoBa  rosea,  i.  402,  ii.  85. 

AmarylliSf  ii.  120. 

Amaryllis  vittaia,  effect  of  foreign  pollen 
00,  i.  431. 

AxAQKoeis,  hereditary,  i.  453. 

AndAystoma  lurida,  ii.  358. 

Am&rica,  limits  within  which  no  use- 
ful plants  have  been  furnished  by,  i. 
327 ;  colours  of  feral  horses  in,  i.  62- 
64;  North,  native  cultivated  plants 
of,  i.  329 ;  skin  of  feral  pig  from,  i. 
80 ;  South,  variations  in  cattle  of,  i. 
92,  95. 

Amazon,  on  the  persistency  of  colour  in 
horses,  i.  465. 

Amygdaltu  persica,  i.  357-365,  398. 

Anagallis  arvensiSj  ii.  173. 

Analogous  variation,  i.  442,  ii.  341- 
345;- in  horsea,  i.  58;  in  the  horse 
and  ass,  L  67 ;  in  fowls,  i.  255-257. 

Anas  boschns,  i.  291,  ii.  14;  sJcuU  of, 
figured,  i.  297. 

'^Anoon"  sheep  of  Maasachasetts,  i. 
104,  ii.  70. 

Andalusian  fowls,  i.  238. 

Andalusian  rabbits,  i.  109. 

Anderson,  J.,  on  the  origin  of  British 
sheep,  i.  98;  on  the  selection  of 
qualities  in  cattle,  ii.  180 ;  on  a  one- 
eared  breed  of  rabbits,  i.  112;  on  the 
inheritance  of  characters  from  a  one- 
•arcd  rabbit,  and  thrae-legged  bitch, 
i.  456 ;  on  the  persistency  of  varieties 
of  peas,  i.  349 ;  on  the  production  of 
early  peas  by  selection,  ii.  185;  on 


the  varieties  of  the  potato,  L  350, 
351 ;  on  crossing  varieties  of  the 
melon,  i.  430;  on  reversion  in  the 
barberry,  i.  410. 

Anderson,  Mr.,  on  the  reproduction  of 
the  weeping  ash  by  seed,  i.  462 ;  oa 
the  cultivation  of  the  tree  poony  in 
China,  ii.  189. 

Andebsson,  Mr.,  on  the  Damara,  Bechn- 
ana,  and  Namaqua  cattle,  i.  91;  ea 
the  cows  of  the  Damaras,  ii.  290 ; 
selection  practised  by  the  Damaras 
and  Namaquas,  ii.  192;  on  the  use  of 
grass-seeds  and  the  roots  of  reeds  as 
food  in  South  Africa,  i.  326. 

Anemone  ooranarioy  doubled  by  selection, 
iL  185. 

Angina  pectoris,  hereditary,  oocarrtng 
at  a  certain  age,  ii.  55. 

Anglesea,  cattle  of,  L  84^ 

Angola  sheep,  i.  98. 

Angora,  change  in  hair  of  animals  at, 
ii.  268 ;  cats  ot;  i.  47,  49 ;  rabbiU  of, 
i.  110,  127. 

Animals,  domestication  o^  facilitated 
by  fearlessness  oi  man,  i  20 ;  refusal 
of  wild,  to  breed  in  captivity,  ii.  131 ; 
compound,  indiridual  peculiarities  of, 
reproduced  by  budding,  i.  398 ;  varia- 
tion by  selection  in  useful  qualities 
of,  ii.  205. 

Annual  plants,  rarity  of  bud-variation 
in,  i.  440. 

Anomalies  in  the  osteology  of  tbe 
horse,  i.  52. 

Anomalous  breeds  of  pigs,  L  78 ;  of 
cattle,  i.  92. 

Anser  albifrons,  characters  of,  repro- 
duced in  domestic  geese,  i.  303. 

Anser  agffptiacusj  i.  296,  it  44. 

Anser  canadensis,  ii.  1-10. 

AnterferuSy  the  original  of  the  domes- 
tic goose,  i.  302 ;  fertility  of  cro«s  of^ 
with  domestic  goose,  i.  303. 

Anson,  on  feral  fowls  in  the  Ladronas, 
i.  249. 

Antagonism  between  growth  and  rs^ 
production,  ii.  379. 

Anthemis  nobUis,  bud-variation  \n 
flowers  of,  i.  404 ;  becomes  single  fji 
poor  soil,  ii.  151. 

Anthers,  contabescence  of,  ii.  149. 

Antigua,  cats  of,  i.  48 ;  changed 
of  sheep  in,  L  102. 
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AaUirrAimm  mc^'iu,  peloric,  i.  389,  ii. 
33,  46,  150;  doabIe>flower«d,  it.  151 ; 
bud-Tsriation  in,  i.  407. 

Antb,  individual  recognition  of,  ii.  238. 

Aphides,  attacking  pear-trees,  ii.  217; 
development  of,  ii.  361-362. 

Apoplexy,  hereditarj,  occurring  at  a 
certain  age,  ii.  54. 

Apple,  i.  36d-372 ;  fmit  of,  in  Swiss 
Iake-<iwellings,  i.  335 ;  rendered  fasti- 
gate  by  heat  in  India,  i.  385 ;  bud- 
variatjpn  in  the,  i.  401 ;  with  dimi- 
diate fruit,  i.  425,426;  with  two 
kinds  of  fruit  on  the  same  branch,  i. 
425;  artificial  fecundation  of,  i.432; 
St.  Yal^ry,  i.  432,  ii.  150 ;  reversion 
in  seedlings  of,  ii.  4;  crossing  of 
varieties  of,  ii.  110;  growth  of  the, 
in  Cejlon,  ii.  266;  winter  majetin, 
not  attacked  by  ooccuSf  ii.  217 ; 
flower-buds  of,  attacked  by  bull- 
finches, ibid. ;  American,  change  of, 
when  grown  in  England,  ii.  264. 

Aprioot,  i.  365,  366;  glands  on  the 
leaves  of,  ii.  217 ;  analogous  variation 
in  the,  ii.  341. 

Aqmla  fuaoa,  copulating  in  captivity, 
ii.  137. 

AquUegia  wdjwrts,  i.  389;  ii.  323. 

Arab  boarhound,  described  by  Har- 
court,  i.  17. 

Arabia  biepharophyila  and  A,  toyeri, 
effects  of  crossing,  i.  431. 

Aralia  trifoiiata,  bud-variation  in  leaves 
of,  i.  408. 

Araucarias,  young,  variable  resistance 
of,  to  frost,  ii.  299. 

Archangel  pigeon,  ii.  226. 

Arctio  regions,  variability  of  planta 
and  shells  of,  ii.  244. 

Aria  vestita,  grafted  on  thorns,  i.  413. 

ARISTOPHANES)  fowls  mentioned  by,  i. 
258. 

Aristotle,  on  solid-hoofed  pigs,  i.  78 ; 
domestic  duck  unknown  to,  i.  292; 
on  the  assumption  of  male  characters 
by  old  hens,  ii.  26. 

Arni,  domestication  of  the,  i.  86. 

Arnold,  Mr.,  experiments  of  pollen  on 
the  maize,  i.  431. 

ARREffTB  of  development,  ii.  306-310. 

Arteries,  increase  of  anastomosing 
branches  of,  when  tied,  ii.  290. 

Aru  Islands,  wild  pig  of,  i.  7  /. 


Arum,  Polynesian  varieties  of,  iL  243. 

ABcarity  number  of  eggs  of,  ii.  373. 

Ash,  varieties  of  the,  i.  384 ;  weepings 
i.  385;  simple-leaved,  ihid.;  bud- 
variation  it,  i.  408;  effects  of  graft 
upon  the  stoi^k  in  the,  i.  418 ;  pro* 
duction  of  the  blotched  Breadalbone, 
ibid, ;  weeping,  capricious  reprodac* 
tion  of,  by  seed,  i.  462* 

AMwa  burc/tettiif  i.  67. 

A$inu8  hemioHuSf  ii.  17. 

Asinta  indicus,  ii.  17,  22. 

Asinua  quagga,  i.  67. 

Aainui  tcenioptis,  ii.  16 ;  the  original  of 
the  domestic  ass,  i.  65. 

Asparagus,  increased  fertility  of  culti- 
vated, ii.  91. 

Ass,  early  domestication  of  the,  i.  65 ; 
bree<ls  of,  i^/id. ;  small  size  of,  iu 
India,  i'nd, ;  stripes  of,  i.  ^^,  67  ;  ii. 
343 ;  dislike  of,  to  cross  water,  i.  190 ; 
reversion  in,  ii.  16,  17,  22 ;  hybrii 
of  the,  with  mare  and  zebra,  ii.  16  ; 
prepotency  of  the,  over  the  horse,  ii. 
43;  crossed  with  wild  ass,  ii.  190; 
variation  and  {^election  of  the,  ii.  222. 

Assyrian  sculpture  of  a  mastiff,  i.  17. 

Asters,  i.  4}3,  ii.  307. 

Asthma,  hereditary,  i.  452,  ii.  55. 

Atavism.     See  Reversion. 

Athbutan,  his  care  of  horses,  ii.  187« 

Atkinson,  Mr.,  on  the  sterility  of  the 
Tarroo  silk-moth  in  onfinement,  ii« 
141. 

Aubergine,  ii.  68. 

Audubon,  on  feral  hybrid  ducks,  L 
200,  ii.  20 ;  on  the  domestication  of 
wild  ducks  on  the  Mississippi,  i.  292  ; 
on  the  wild  cock  turkey  visiting 
domestic  hens,  i.  308;  fertility  of 
FringiUa  drie  in  captivity,  ii.  137 ; 
fertility  of  Columba  migrutoria  and 
letioooepKaia  in  captivity,  ii.  139; 
breeding  of  Anaer  oanaderiM  in  cap-» 
tivity,  ii.  140. 

Audubon  and  Bachman,  on  the  change 
of  coat  in  Ovie  morUanoij  i.  103 ;  ste- 
rility of  Scikirus  Ginerea  in  confine- 
ment, ii.  135. 

Auricula,  effect  of  seasonal  conditions 
on  the,  ii.  263 ;  blooming  of,  li.  339. 

Austraua,  no  generally  useful  plantj 
derived  froir,  i.  328;  useful  plants 
of,  enumerated  by  Hooker,  i.  328. 
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AufTRiJL,  heredity  of  character  in  em- 
perors of,  ii.  40. 

AuTEMKii:rrH,  on  persistency  of  colour 
in  horses,  i.  465. 

Ata,  horses  of,  i.  56. 

AvenifutHo,  cultiTsbility  of,  i.  330. 

^  Ateen  Akbery,'  pigeons  mentioned  in 
the,  i.  158,  163,  194,  215,  217,  218. 

Atres,  W.  p.,  on  bad-rariation  in 
pelargoniums,  i.  403. 

Azalea  indicoy  bud-rariation  in,  i.  402. 

AZARA,  on  the  feral  dogs  of  La  Plat%, 
i.  28 ;  on  the  crosriag  of  domestic 
with  wild  cats  in  Parai^nay,  i.  47 ; 
on  hornlike  processes  in  horses,  i.  52 ; 
on  curled  hair  in  horses,  L  56,  ii. 
189,  318;  on  the  colours  of  feral 
horses,  i.  64,  ii.  246 ;  on  the  cattle  of 
Paraguay  and  La  Plata,  i.  86, 89,  92. 
ii.  246 ;  on  a  hornless  bull,  ii.  190, 
on  the  increase  Df  cattle  in  South 
America,  ii.  98;  on  the  growth  of 
horns  in  the  hornless  cattle  of  Cor- 
rieDtes,ii.  13;  on  the  "Niata"  cattle, 
L  94 ;  on  naked  quadruped's  ii.  268 ; 
on  a  race  of  black-skinned  fowls  in 
South  America,  i.  243,  iu  194;  on 
a  variety  of  maize,  i.  339. 

Badtngton,  C.  C,  on  the  origin  of  the 
plum,  i.  367 ;  British  species  of  the 
genus  Baaoy  i.  390;  distinctness  of 
-    Viola  lutea  and  tricolor,  i.  392. 

BACimANK,  Mr.,  on  the  turkey,  iL  250. 
See  aliO  Audubon. 

Badger,  breeding  in  confinement,  ii. 
134. 

**  Bagadotten-Taube,"  i.  148. 

Baily,  Mr.,  on  th«  edect  of  selection 
on  fowls,  ii.  182 ;  on  Dorking  fowls, 
ii.  224. 

Baird,  S.,  on  the  origin  of  the  turkey, 
i.  308. 

Baker,  Mr.,  on  heredity  in  the  horse, 
i.  455 ;  on  the  degeneration  of  the 
horse  by  neglect,  ii.  225;  orders  of 
Henrys  VIL  and  Vlll.  for  the 
destruction  of  undersized  mares,  ii. 
188. 

Bakewell,  change  in  the  sheep  effected 
by,  ii.  182. 

Balanoem ENT,  iL  335,  336 ;  of  growth, 
law  of,  335. 

Balduead  (pigeon),  i.  158. 
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Baldnebb,  in  man,  idheritdd,  u.  SI 9, 
with  deficiency  in  teeth,  ii.  319,  320. 

Ballasce,  Mr.,  on  the  effects  of  in- 
terbreeding on  fowls,  ii.  105;  on 
variation  in  the  eggs  of  fowls,  i.  261. 

Battota  nigra,  transmission  of  variegated 
leaves  in,  i.  409. 

Bam DOO,  varieties  of  the,  iL  243. 

Banana,  variation  of  the,  L  396,  iL 
243 ;  bud-variation  in  the,  i.  401 ; 
sterility  of  the,  ii.  256. 

Bantam  fowls,  L  241 ;  Sebright,  origin 
of,  ii.  74 ;  sterility  of,  ii.  79. 

Barb  (pigeon),  L  151,  153,  220,  ii. 
212;  figure  of,  L  152;  figure  of 
lower  jaw  of,  i.  173. 

Barbs,  of  wheat,  i.  331. 

Barberry,  dark  or  red -leaved  variety, 
L  385,  462 ;  reversion  in  suckers  of 
seedless  variety,  L  410. 

Barbut,  J.,  on  the  dogs  of  Guinea,  L 
26 ;  on  the  dome:itic  pigeons  in 
Guinea,  i.  195;  fowls  not  native  in 
Guinen,  i.  249. 

Barking,  acquisition  of  the  habit  of, 
by  variou;}  dogs,  L  28. 

Barley,  wild,  i.  330;  of  the  lake- 
dwellings,  i.  335-337 ;  ancient  variety 
of,  ii.  425. 

Barnes,  Mr.,  production  of  early  peas 
by  selection,  ii.  185. 

Barnet,  Mr.,  on  the  intercrossing  of 
strawberries,  i.  373 ;  dioectuusness  of 
the  hautbois  strawberry,  i.  375 ;  on 
the  Scarlet  American  strawberry,  ii. 
184. 

Barth,  Dr.,  use  of  grass-seeds  as  food 
in  Central  Africa,  L  325. 

BARTLi'nr,  A.  D.,  on  the  origin  of 
"  Himalayan  '*  rabbits  by  intercross- 
ing, L  113;  on  the  feral  rabbits  of 
Porto  Santo,  L  119;  on  geese  with 
reversed  feathers  on  the  head  and 
neck,  i.  303;  on  the  young  of  the 
black-shouMered  peacock,  i.  306  ;  on 
a  variety  of  the  turkey,  L  309 ;  size 
of  hybrids,  iL  112;  on  the  breeding 
of  the  Felidse  in  captivity,  ii.  133; 
so-called  t^ybrids,  iL  316. 

Bartram,  on  the  black  wolf-dog  ol 
Florida,  L  23. 

Bates,  H.  W.,  refusail  of  wild  animals 
to  breed  in  oiptivity,  iL  132,  135; 
sterility  of  Ani<*<*ican    monkeys    ia 
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capitftlf  /  iL  136 ;  lienlity  of  tamed 
guans,  ti.  1-S9. 

Batrachia,  regenention  of  loet  parts 
in,  ii.  858. 

Beach,  raised,  in  Pern,  oontain'ng  heads 
of  maize,  i.  338. 

Beak,  Tariabili^  of,*in  fowls,  i.  271 ; 
indiWdnal  differences  of,  in  pigeons, 
i.  168 ;  correlation  o^  with  the  feet 
in  pigeons,  i.  180-184. 

Bealk,  Lionel,  on  the  contents  of  cells, 
ii.  372 ;  on  the  multiplication  of  in- 
fectious atoms,  ii.  372. 

Beans,  i.  349 ;  of  Swiss  lake-dwellings, 
i.  337;  Yarieties  of,  produced  by 
selection,  ii.  203 ;  French  and  scarlet, 
variable  resistance  of,  to  frost,  ii. 
299,  3C5 ;  superiorit j  of  native  seed 
of,  ii.  305 ;  a  symmetrical  variation 
of  scarlet,  ii.  349;  experiments  on 
kidney,  i.  314;  with  monstrous 
stipules  and  abortive  leaflets,  ii. 
335. 

Beard  pigeon,  i.  158. 

Bears,  breeding  in  captivity,  ii.  134. 

Beaslev,  J.,  reversion  in  crossed  cattle, 
ii.  15. 

Beaton,  D.,  effect  of  soil  upon  straw- 
berries, i.  376  ;  on  varieties  of  pelar- 
gonium, i.  388,  ii.  263,  301 ;  bud- 
variation  in  QlcdUAuacolvaiii,  i.  407  ; 
cross  between  Scotch  kail  and  cab- 
bage, ii.  76 ;  hybrid  gladiolus,  ii.  121 ; 
constant  occurrence  of  new  formx 
among  seedlings,  ii.  221 ;  on  the 
doubling  of  the  Compositse,  ii.  307. 

Bechuana  cattle,  i.  91. 

Bechstein,  on  the  burrowing  of  wolves, 
i.  28 ;  Spitz  Dog,  i.  32 ;  origin  of 
the  Newfoundland  dog,  L  44 ;  crossing 
of  domestic  and  wild  swine,  i.  69 ;  on 
the  Jacobin  pigeon,  L  162,  219; 
notice  of  swallow-pigeons,  i.  164 ;  on 
a  fork- tailed  pigeon,  i.  164;  varia- 
tions in  the  colour  of  the  croup  in 
•pigeons,  i.  193;  on  the  German  dove- 
cot pigeon,  i.  195 ;  fertility  of  mon- 
grel-pigeons, i.  202;  on  hybrid 
turtle-doves,  i.  203 ;  on  crossing  the 
pigeon  with  Columba  amoi,  C  pa/am- 
bui,  7\tHw  riaoriOy  and  T.  vtUgaris,  i. 
202;  development  of  spurs  in  the 
silk-hen,  i.  2.9;  on  Polbh  fowls,  {. 
269,  276 ;  on  crested  birds,  i.  269 ; 
TOL.   11. 


on  the  canary-bird,  i.  311,  465,  ik 
145 ;  German  superstition  about  the 
turkey,  L  309 ;  occurrence  of  horns 
in  hornless  breeds  of  sheep,  iL  3^ 
hybrids  of  the  horse  and  ass,  ii.  43; 
crosses  of  tailless  fowls,  ii.  70 ;  diffi- 
culty of  pairing  dove-cot  and  fancy 
pigeons,  iL  82;  fertility  of  tame 
ferrets  and  rabbits,  ii.  90;  fertility 
of  wild  sow,  Aid. ;  difficulty  of  breed- 
ing caged  birds,  ii.  137 ;  comparative 
fertility  of  Psi^iocus  erithacuixn  cap- 
tivity, ii.  138 ;  on  changes  of  plumage 
in  captivity,  ii.  141 ;  liability  of 
light-coloured  cattle  to  the  attacks 
of  flics,  ii.  214 ;  want  of  exercise  a 
cause  of  variability,  ii.  244 ;  effect  of 
privation  of  light  upon  the  plumage 
of  birds,  ii.  270 ;  on  a  sub-variety  of 
the  monk-pigeon,  ii.  343. 

Beck,  Mr.,  constitutional  differences  in 
pelargoniums,  i.  388. 

Beckmann,  on  changes  in  the  odours 
of  plants,  ii.  264. 

Beddob,  Dr.,  correlation  of  complexion 
with  consumption,  ii.  329. 

Bee,  persistency  of  character  of,  ii. 
222,  241;  intercrossing,  ii.  107; 
conveyance  of  pollen  of  peas  by,  i. 
348. 

Bee  Ophrts,  self-fertilisation  of,  ii. 
69. 

Beech,  dark-leaved,  i.  385,  462 ;  fem- 
leaved,  reversion  of,  i.  4U8 ;  weeping, 
non-production  of,  by  seed,  i.  462. 

Beechey,  horses  of  Loochoo  Islands,  i. 
56. 

Beet,  i.  344 ;  in<^rease  of  sugar  in,  by 
selection,  ii.  185. 

Begonia  frigidxi,  singular  variety  of,  i. 
389;  sterility  of,  ii.  150. 

BBL3IAN  rabbit,  i.  110. 

Bell,  T.,  statement  that  white  cattle 
have  coloured  ears,  i.  89. 

Bell,  W.,  bud-variati^Q  in  Pariti»m 
triou8pi8j  i.  402. 

Brlunoeri,  observations  on  gestittiao 
in  the  dog,  i.  31 ;  on  the  fertility  .>f 
dogs  and  catc,  ii.  90. 

BKiiON,  on  high-flying  pigeons  in  P.i^ 
phlagonia,  i.  219;  varieties  of  the 
gooee,  i.  305. 

Bknguela,  cattle  of,  i.  92. 

BfciHNETTy  Dr.  G ,  pigs  of  the  Faeilic 
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ItlMids,  L  73,  ii.  64;  dogs  of  the 
PMcific  IsUods,  iWi.;  Tmrieties  of  cvl- 
tiratod  pUnU  in  Tahiti,  it  243. 

Eknkett,  Mr.,  on  the  fallow  deer,  ii. 
81. 

Bemthax,  O.,  number  and  origin  of 
cnltiTated  plants,  L  323;  on  Phaeeo- 
Ina,  L  350;  cereals  all  cnltirated 
varieties,  i.  330;  ipecice  of  the 
orange  group,  i.  355;  distinctions 
of  almond  and  peach,  i.  358;  Bri- 
tish species  of  JSoso,  i.  390 ;  identitj 
of  Vioia  Mea  and  trioohr,  i.  392. 

Berherit  wtgaHt,  i.  410,  i.  462. 

Bi.rheri9  vjaliichUf  indifference  of,  to  cli- 
mate, ii.  148. 

Bgrjkau,  on  the  history  of  the  dog,  L 
17,  18, 

Berkelet,  0.  F.,  prodnction  o{  hen- 
cocks  in  a  strain  of  game-fowls,  i. 
2rt5. 

BtsitKELET,  M.  J.,  crossing  of  rarieties 
of  the  pea,  i.  42d ;  effect  of  foreign 
pollen  on  grapes,  i.  430 ;  on  hjbrid 
plants,  ii.  112;  analogy  between 
pollen  of  high ly-culti rated  plants 
Mnd  hybrids,  ;i.  256;  on  Hungarian 
kidney-beans,  ii.  265;  failure  of  In- 
dian wheat  in  England,  ii.  2P7. 

Bkrnard,  inheritance  of  disease  in  the 
horse,  i.  455. 

Bkrnard,  C,  independence  of  the  or- 
gnus  of  the  body,  ii.  364;  special 
II Unities  of  the  tissues,  ii.  375. 

Bkrnhardi,  rarieties  of  plants  with 
laciniated  leaves,  ii.  341. 

liernicla  antarciica^  i.  303. 

Bertero,  on  feral  pigeons  in  Juan  Fer> 
nsndez,  i.  200. 

Betula  alba,  i.  461. 

Bkwick,  on  the  British  wfld  cattle,  i. 
87. 

BiAKOONX,  l*rof.,  on  the  skulls  of  dogs, 
i.  35. 

BiRLB,  reference  to  breeding  studs  of 
horses  in,  i.  57  ;  references  to  domes- 
tic pigeons  in  the,  i.  214 ;  indications 
of  selection  of  sheep  in  the,  ii.  186 ; 
Notice  of  mules  in  the,  ihid, 

BiDWELL,  Mr.,  on  self-impotence  in 
AmaryUis,  ii,  120. 

Bignonia,  self-sterility  of,  ii.  117. 

biBcn,  weeping,  i.  413,  461. 

iSiacH,  Dr.  S.,  on  the  ancient  domesti- 


cation of  the  pigeon  in  Egypt,  L 
214;  notice  of  bnntam  fowls  in  a 
Japanese  encydopsedia,  i.  241,  259. 

Birch,  Wy-rlet,  on  silTer-grey  rabbits, 
i.  113,  114. 

Biros,  sterility  caused  in,  by  diange  of 
conditions,  ii.  136-141. 

Bladder-nut,  tendency  of  th^  to  be- 
come double,  IL  152. 

Blainr,  Mr.,  on  wry-legged  terriers, 
ii.  232. 

Blamvillb,  origin  and  history  of  the 
dog,  L  15-17;  rariations  in  the 
number  of  teeth  in  dogs,  L  36; 
rariations  in  the  numbar  of  toee  in 
dogs,  i.  37 ;  on  mummies  of  cats,  i. 
45 ;  on  the  osteology  of  solid-hoofed 

5'gs,  i.  78 ;  on  feral  Patagonian  and 
.  American  pigs,  i.  80. 

M  Blabb-Taubb,^  L  163. 

Bleeimvo,  henditary,  i.  452;  sexual 
limitation  of  exoessire,  ii.  48. 

Blekdino  of  crossed  races,  time  occu- 
pied by  the,  iu  64» 

BUNDNBBB,  hereditary,  i.  454;  at  a 
certain  age,  iL  54;  associated  with 
colour  of  hair,  ii.  322. 

i^LOODHOUinM,  degeneration  of^  caused 
by  interbreeding,  ii.  100. 

Blumenbach,  on  the  protuberance  of 
the  skull  in  Polish  fowls,  L  269  ;  on 
the  effect  of  circumcision,  i.  467; 
inheritance  of  a  crooked  finger,  i. 
469;  on  badger-dogs  and  other 
varieties  of  the  dog,  ii.  205;  on 
I/ydra,  ii.  283 ;  on  the  '*  nisus  forma- 
tirns,"  ii.  284. 

Blyth,  E.,  on  the  pariah  dog,  i.  2o; 
hybrids  of  dog  and  jackal,  i.  33; 
early  domestication  of  cats  in  India, 
i.  45 ;  origin  of  domestic  cat,  i.  46 ; 
crossing  of  domestic  and  wild  cats, 
ibid,;  on  Indian  cats  resembling  /Wis 
cAoMs,  L  47 ;  on  frtriped  Burmese 
ponies,  i.  61 ;  on  the  stripes  of  tho 
ass,  i.  65 ;  on  Indian  wild  pigs,  i.  69 ; 
on  humped  cattle,  i.  83 ;  occurrence 
of  ^os  /routes  a  in  Irish  crannogeis 
i.  85 ;  fertile  crossing  of  sebus  and 
common  cattle,  i.  86 ;  on  the  specte 
of  sheep,  i.  97 ;  on  the  fat-tailed  indiac 
sheep,  i.  99;  origin  of  the  goat,  i 
105;  on  rabbits  brawling  in  ibdia,  I 
116;  number  of  tail-ieaUiers  in  fin* 
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tftiU,  L  1&3 ;  Loiitn  tumbler  pigeons, 
L  157 ;  number  of  tail*feathert  in 
Ect'ipiUea,  i.  67 ;  on  Columba  affinis, 
i.  192;  pigeons  roosting  in  trees,  i. 
190;  on  Cuhmba  leuoonota,  i.  191; 
on  Cohuiba  nUerfnedia  of  Strickland, 
1.  193 ;  Taristion  in  ooloar  of  croup 
fai  pigeons,  L  193,  194^  206;  volun- 
tary domestication  of  rock-pigeons  in 
India,  i.  194;  feral  pigeons  on  the 
Hudson,  L  200 ;  occurrence  of  sub- 
species of  pigeons,  i.  214;  notiee  of 
pigeon-fimciers  in  Delhi,  &c.,  i.  915 ; 
ajrbrids  of  QaUut  sonneratii  and  the 
domestic  hen,  i.  245;  supposed  hy- 
bridity  of  GdUw  temmmckii,  u  246; 
Yariations  and  domestication  of  Qal- 
/us  6aji.tiiMi,  i.  247,  248;  crossing  of 
wild  and  tame  fowls  in  Bnrmah,  i. 
248 ;  restricted  range  of  the  larger 
gallinaceous  birds,  i.  249 ;  feral  fowls 
in  the  Nicobar  Islands,  L  249 ;  black- 
skinned  fowls  occurring  near  Gil- 
cutta,  i.  269 ;  weight  of  Oaiius  6an- 
ib'ro,  i.  286;  degeneration  of  the 
turkey  in  India,  i.  310,  ii.  267 ;  on 
the  colour  of  gold-fish,  i.  312;  re- 
version from  a  cross,  it  15 ;  on  the 
Ghor-Khor  (^smtis  umUciis),  it.  17 ; 
on  AsmuM  hemionut,  ii.  17 ;  number 
of  eggs  of  Oalliu  bankiva,  ii.  90 ;  on 
the  breeding  of  birds  in  captivity,  ii. 
140 ;  co-existence  of  large  and  small 
breeds  in  the  same  country,  ii.  268 ; 
on  the  drooping  ears  of  the  elephant, 
ii.  291 ;  homology  of  leg  and  wing 
feathers,  ii.  315. 

BOETTHius  on  Scotch  wild  cattle,  i.  88. 

BoiT-ARD  and  Corbi^  on  the  breeds  of 
pigeons,  i.  138;  Lille  pouter  pigeon, 
i.  145 ;  notice  of  a  gliding  pigeon,  i. 
164 ;  variety  of  the  pouter  pigeon,  i. 
170 ;  dove-cot  pigeon,  L  194 ;  cross- 
ing pigeons,  L  202,  iL  75,  107; 
sterility  of  hybrids  of  turtle-doves,  i. 
203 ;  reversion  of  crossed  pigeons,  i. 
207,  iL  14 ;  on  the  fantail,  i.  218,  ii. 
42;  on  the  trumpeter,  ii.  42;  pre- 
potency of  transmission  in  silky  fan- 
tail,  ii.  42,  44;  secondary  sexual 
characters  in  pigeons,  iL  50;  cross- 
ing of  white  and  coloured  turtle- 
u«  vas,  ii.  70;  fertility  of  pigeons,  iL 
91. 


BoMBTCiDiE,  wingless  females  of,  ii. 
289. 

Bombyx  hespenu,  iL  294. 

Bombyx  huttoni,  L  318. 

Bombyx  mori,  L  317-321. 

BOHAFOUB,  on  maize,  L  338,  339. 

fiONAPA&TE,  number  of  spedes  of 
Colunibidfle,  L  139 ;  number  of  tail- 
feathers  in  pigeons,  L  167;  size  of 
the  feet  in  Colnmbidc,  L  183 ;  on 
Cohmtha  gumea,  L  192;  Columha 
twriooUij  rupettrtB  and  sc/umperi^  i. 
193. 

BonaUa  tpedom^  development  of  ovary 
of,  L  434. 

BONAVIA,  Dr.,  growth  of  cauliflowers 
in  India,  iL  301. 

BoNEB,  Mr.,  remi-feral  sheep,  ii.  5. 

Bones,  removal  of  portions  of,  iL  286 ; 
regeneration  of,  iL  284 ;  growth  and 
repair  oS,  ii.  377. 

BoNizzi,  on  pigeons,  L  138, 170. 

Bonnet,  on  the  salamander,  iL  357, 
385;  theory  of  reproduction,  iL  351, 
370. 

BORCHMETEB,  experiments  with  the 
seeds  of  the  weeping  ash,  L  462. 

BOREOOLE,  L  341. 

BoBELU,  on  Polish  fowls,  L  260. 

BoBNEO,  fowls  of^  with  tail-bandii,  i. 
246. 

BoBNET,  E.,  condition  of  the  ovary  «n 
hybrid  CigU^  i.  415;  self-impotenc^ 
of  hybrid  Cigti^  iL  122. 

BoBBOW,  O.,  on  pointers,  L  44. 

BoBY  DE  Saint- Vincent,  on  gold-lish, 
L  313. 

BoSj  probable  origin  of  European  do- 
mestic cattle  from  three  species  of, 
L86. 

B08  fronios'f9,  L  85. 

Bag  indictUf  L  82. 

Bos  kmgifrons,  i,  86,  85,  8^. 

Boa  primigeniua,  L  83-84,  86,  U.  98. 

Bos  sondaious,  iL  191. 

Bos  tawuSf  L  82. 

Bin  trochooe/'OSf  L  85. 

BO0O,  heredity  in  foliage-varieties  of  the 
elm,  L  385. 

BoflBB,  production  of  double  flowers 
from  old  seed,  iL  151. 

B068I,  on  breeding  dark-coloured  silk* 
worms,  L  319. 

B08MAN,  on  dogs  of  Guinea,  L  40. 
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BouCHABOAT,  OB  th«  Tine  diMtM,  i" 

3&4. 
BODDIB,  OB  lootl  diseueft,  ii.  266 ;  re- 

aUtanco  to  cold  of  dftrk-eomplexioned 

men,  ii.  329. 

«*BocLANa,"«-  1*8. 

**  BouTON  d'Alep,"  ii.  266. 

BowEN,  Prof.,  doubta  as  to  the  import- 
ance of  inheritanoe,  i.  446. 

Bowman,  Mr.,  hereditary  pecnliaritiea 
in  the  human  eye,  i.  452-454;  here- 
ditary cataract,  ii.  56. 

Brace,  Mr.,  on  Hungarian  cattle,  i.  64. 

Brachycome  tberidifciiOf  ii.  249. 

Bracts,  unosual  development  of,  in 
gooeeberries,  i.  377. 

Bradley,  Mr.,  effect  of  grafts  upon  the 
litock  in  the  ash,  i.  418;  etfect  of 
foreign  pollen  upon  applies,  i.  432; 
on  change  of  soil,  ii.  128. 

<' Brahma  Puotras,'*  a  new  breed  of 
fovrls,  i.  258. 

Brain,  proportion  of,  in  hares  and 
rabbits,  i.  130-1:^. 

Brandt,  I>r.,  origin  of  the  goat,  i.  105 ; 
coiTelation  of  teeth  and  hair,  ii.  321. 

Brafsicoj  rarieties  of^  with  enlarged 
stems,  ii.  341. 

Brassioa  asperifolia,  ii.  335. 

Brasska  wapiUj  i.  -344. 

Brastioa  oleraoMj  i.  341. 

Brassioa  rapiy  i.  344,  ii.  148. 

Braun,  a.,  bud-vsriation  in  the  vine, 
i.  400 ;  in  the  currant,  ibid. ;  in 
MirabUia  jalapa,  i.  407 ;  in  Cytisus 
adamij  i.  413;  on  revention  iu  the 
foliflgo  of  trees,  i.  408  ;  s))ontaneou8 
production  of  Cytisua  purpweo-eioH' 
ifotus,  i.  416 ;  reversion  of  flowers 
by  stripes  and  blotches,  ii.  11;  ex- 
cess of  nourishment  a  source  of 
variability,  ii.  244. 

Brazil,  cattle  of,  i.  92. 

Brkad-fruit,  varieties  of,  ii.  243;  ste- 
rility and  variability  of,  ii.  256. 

Bree,  W.T.,  bud-variation  in  Geranhtin 
jtraUnse  and  Centtmrea  cyanusj  i.  404 ; 
by  tubers  in  the  dahlia,  L  411 ;  on  the 
deafness  of  white  cats  with  blue  eyes, 
ii.  322. 

Bbeedino,  high,  dependent  on  inheri- 
Unce,  L  446, 447. 

Bbeedb,  domestic,  persistency  of,  ii.  233, 
423,  424  s  artificial  and  naturai,  ii. 


409,410;  eitiaction  oi,  ii.421;  of 
domestic  cats,  i.  47-49 ;  of  pigs  pro- 
duced by  crossinc  i.  82 ;  of  cattle,  i. 
90,  94-97 ;  of  muU,  i.  105. 

Brehm,  on  Col»ut3ba  amalw,  i.  192. 

Bbent,  B.  p.,  number  of  m£inmc  in 
rabbits,  i.  110 ;  habits  of  the  tnmllcr 
pigeon,!.  158;  Laugher  pigeon,!.  163; 
colouring  of  the  kite  tumbler,  L  169 ; 
croflsing  of  the  pigeon  with  CoAmi6'1 
fffiot,  i.  202  ;  mongrels  of  the  trum- 
peter pigeon,  it  42 ;  close  interbreed- 
ing or  pigeons,  ii.  106;  opinion  on 
Aldrovandi's  fowls,  L  259 ;  on  stripes 
in  chickens,  i.  262 ;  on  the  combs  of 
fowls,  i.  266;  double-spurred  Dorking 
fowls,  i.  267 ;  effect  of  crossing  on 
colour  of  pluoMge  in  fowls,  i.  270  r 
incubatory  instinct  of  mongrels  be- 
tween non-setting  varieties  of  fowls, 
ii.  18 ;  origin  of  the  domestic  duck, 
i.  291 ;  fertility  of  the  hook-billeJ 
duck,  ibid. ;  occurrence  of  the  plu- 
mage of  the  wild  duck  in  domestic 
breeds,  i.  294 ;  voice  of  ducks,  i.  29b ; 
occurrence  of  a  short  upper  mandible 
in  crosses  of  hook-billed  and  common 
ducks,  0Ad, ;  reversion  in  ducks  pro- 
duced by  crossing,  ii.  14;  variation  of 
the  canary-bird,  i.  31 1 ;  fashion  in 
the  canary,  ii.  226 ;  hybrids  of  caBary 
and  finches,  ii.  20. 

Briceell,  on  raising  nectarines  from 
seed,  i.  360 ;  on  the  horses  of  North 
Carolina,  ii.  290. 

Bripgbb,  Mr.,  on  the  dogs  of  Tierra  del 
Fuego,  i.  41 ;  on  the  selection  of  dc^ 
by  the  Fuegians,  ii.  191. 

Bridgman,  W.  K.,  reproduction  of  ab- 
normal ferns,  i.  408. 

Broca,  p.,  on  the  intercrossing  of  do;?, 
L  32,  33 ;  on  hybrids  of  hare  an  i 
rabbit,  i.  109;  on  the  rumpless  fovil. 
i.  271 ;  on  the  chamcter  of  half- 
castes,  ii.  21 ;  degree  of  fertility  c>t 
mongrels,  ii.  78 ;  sterility  of  descen.i- 
ants  of  wild  animals  bred  in  ca{>- 
tivity,  ii.  143. 

Broccoli,  i.  341 ;  rudimentary  flowers 
in,  ii.  307 ;  tenderness  of,  ii.  301. 

Bromchead,  W.,  doubling  of  the  Can- 
terbury Bell  by  selection,  iL  185. 

Bbocmfield,  Dr.,  sterility  of  tba  ivy 
and  AfWTHt  ocUtonuSf  iL  154. 
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Bt^nmut  aecalinusy  i.  331. 

Bw>XNy  U.  6.,  bad  rariation  in  Ant'e- 
mU^  i.  404 ;  effects  of  croM-breeding 
on  the  female,  i.  436 ;  on  heredity 
in  a  one-horned  cow,  i.  456 ;  propa- 
gation of  a  pendalous  peach  bj  seed, 
i.  461 ;  absorption  of  the  minority  in 
crossed  racers  ii-  65 ;  on  the  crossing 
of  hones,  ii.  70;  fertility  of  tame 
rabbits  and  sheep,  ii.  90 ;  changes  of 
plumage  in  captivity,  ii.  141 ;  on  the 
dahlia,  U.  249. 

Bkonze  period,  dog  of,  i.  19. 

IlKOWN,  C.  H.,  prepotency  of  a  grey- 
hound, iu  40. 

Bbown,  Q.,  Tariations  in  the  dentition 
of  the  horse,  1.  52. 

Browh-SbQUARD,  Dr.,  inheritance  of 
artificially-produced  epilepsy  in  the 
guinea-pig,  i.  468 ;  inherited  effects 
of  injuries,  9AL 

Brmuwigiii,  iL  121. 

Bkussklb  sprouts,  t  341,  iL  425. 

B%'to  iMarimtcs,  ii.  137. 

BuCKLAND,  p.,  on  oysttrs,  ii.  270 ;  num- 
ber of  eggs  in  a  codfish,  ii.  373. 

BucKLB,  BJr.,  doubts  as  to  the  impcr- 
tance  of  inheritance,  i.  446. 

Buckley,  Miss,  carrier-pigeons  roosting 
in  trees,  i.  190. 

Buckman,  Prof.,  cultivation  of  Avena 
fatiOy  i.  330;  cultivation  of  the  wild 
parsnip,  L  344,  ii.  185,  267  ;  rever- 
sion in  the  parsnip,  ii.  4. 

Buckwheat,  injurious  when  in  flower 
to  white  pigs,  ii.  331. 

Bud  and  seed,  close  analogy  of,  i. 
444. 

BUD-HEVEBnON,  U.  10. 

Buds,  adventitious,  ii.  381. 

BUD-VABIATION,  t  397-444,  ii.  242, 
278,  279,  281 ;  contrasted  with  semi- 
nal  reproduction,  i.  397  ;  peculiar  to 
plants,  i.  398  ;  in  the  peach,  i.  360, 
398;  in  plums,  i.  399;  in  the  cherry, 
•Ud  ;  in  grapes,  ibid, ;  in  the  goose- 
berry and  curnint,  i.  400 ;  pear  and 
apple,  i.  401 ;  and  in  the  banana,  ca- 
mellia, hawthorn,  Axalea  miioa^  and 
Paritiwn  triauapiSj  L  402 ;  in  the 
holiyhock  and  pelargonium,  Uttid,; 
in  Genmiwn  prateme  and  the  chry- 
sacthi^mnm,  L  404 ;  in  roses,  L  390, 
404-406;  in  sweet  Williams,  cama* 


tiouji,  pinlcs,  stocks,  tsA  snapdragon^ 
i.  406,  407 ;  in  wnll-flowers,  cycln- 
men,  (Enothera  biennis,  Qladioiut 
colviilii,  fuchsins,  and  Mirahiiis  ja/apf\ 
i.  407  ;  in  foliage  of  various  trees,  i. 
408 ;  cryptogamie  plants,  iMl ;  by 
suckers  in  Pldox  and  barberry,  i.  410; 
by  tubers  in  the  potato,  ibid.;  in  the 
dahlia,  i.  411;  by  bulbs  in  hyacinths, 
imatop^ylhun  miniatum,  and  tulips, 
itid. ;  in  Tigridia  ooncMflorOj  i.  412 ; 
in  HemerooaUiM,  ibid.  ;  doubtful  cases, 
i.  412-413  ;  in  CyUnu  adami,  i.  413  - 
416;  summary  of  observations  on, 
437. 

BuFFON,  un  crossing  the  wolf  and  dog, 
i.  32 ;  increase  of  fertility  by  domes- 
tication, ii.  89 ;  improvement  of 
plants  by  unconscious  selection,  ii. 
200;  theory  of  reproduction,  ii.  370. 

Butimm,  ii.  28. 

Bull,  apparent  influence  of^  on  off- 
spring, ii.  44. 

BULLACE,  i.  366. 

Bulldog,  degeneration  of,  in  India,  i.  39 ; 
recent  modifications  of,  i.  44. 

Bullfinch,  breeding  in  captivity,  ii. 
137  ;  attacking  fluwer-buds,  ii.  217. 

BULT,  Mr.,  on  the  length  of  pouter 
pigeons,  L  218. 

"•  Bundtnebschwein,*'  i.  70. 

Bunting,  reed,  in  captivity,  ii.  141. 

Bu&dacii,  crossing  of  domestic  and  wild 
animals,  i.  69 ;  aversion  of  the  wild 
boar  to  barley,  ii.  293. 

Burke,  Mr.,  inheritance  in  the  horse,  i. 
455. 

Buriingtonia,  ii.  116. 

Burmah,  cats  of,  i.  49. 

BuRMkSE  ponies,  striped,  i.  61. 

BuRN»s,  Sir  A.,  on  the  Karakool  sheei, 
i.  102,  ii.  268;  varieties  of  the  v..it» 
in  Cnbool,  i.  353  ;  hawks,  traine  1  in 
Scinde,  ii.  136 ;  pomegranates  pr  - 
ducing  seed,  ii.  152. 

Burr,  FEARina,  potato- grafting,  i.  422 

Burton  CoNfiTABLE,  wild  cattle  at.  1. 88 

*'  Burzbl-Tauben,"  i.  156. 

BU880RAH  carrier,  i.  148. 

BuUo  V'tlgariSj  copulation  of,  in  captiT* 
ity,  ii.  137. 

Butterfueb,  polymorphic,  ii.  394. 

BuxTt>N,  Mr.,  parroU  breeding  in  Ko^ 
folk,  ii.  1381 
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BtTZARKurooEB,  GiBOU  DE,  inhertUnce 
-  of  tricks,  L  450. 

GABAHia,  pean  grafted  on  the  quince, 
ii.  246. 

Cabbage,  L  341-344 ;  mrietiee  of,  i. 
341 ;  unity  of  character  in  flowers 
and  seeds  of,  i.  342 ;  cnltirated  by 
ancient  Celts,  ibid. ;  classification  of 
rarieties  of,  Aid. ;  ready  crossing  of,  i. 
343,  ii.  68,  76, 110 ;  origin  of,  i.  343 ; 
increased  fertility  of,  when  culti- 
vated,  ii.  91 ;  growth  o^  in  tropical 
countries,  iL  266. 

C  A  BOOL,  Tines  of,  i.  353. 

Cabbax*,  on  early  caltiration  in  Brazil, 
t  3*29. 

Cactus,  growth  of  cochineal  on,  in 
India,  ii.  265. 

Cjesab,  Boi  primigeiUui  wild  in  Europe 
in  the  time  of,  i.  84 ;  notice  of  fowls 
in  Britain,  i.  258 ;  notice  of  the  im- 
portation of  horses  by  the  Celts,  ii. 
187. 

Caffre  fowls,  i.  241. 

Caffbes,  different  kinds  of  cattle  pos- 
sessed hr  the,  i.  91. 

"  Cauias,*^  a  breed  of  sheep,  L  99. 

Ca  rhuz  moKhata,  i.  191. 

Calceolarias,  L  388;  ii.  1-9  ;  efects 
of  seasonal  conditions  on,  ii.  263; 
peloric  flowers  in,  ii.  338. 

Caldwell^  J.,  sporting  of  sugar-cane, 
i.  410. 

*<  Caiomoos,**  a  Columbian  breed  of 
cattle,  i.  92. 

Calveb,  Mr.,  on  a  seedling  peach  pro* 
dttcing  both  peaches  and  nectarines, 
i.  362. 

Caltz,  sogmsnts  of  the,  converted  into 
carpels,  ii.  387. 

Camel,  its  dislike  to  crossing  water,  L 
190. 

CamdU-^y  bud-variations  in,  i.  401 ;  re- 
cognition of  rarieties  of,  ii.  238  ;  t»- 
riety  in,  hardiness  of,  ii.  299. 

Cameron,  D.,  on  the  cnltiration  of 
Alpine  plants,  iL  147. 

Camebonn,  Baron,  value  of  English 
blood  in  race-horses,  i.  456. 

Campanula  medium^  ii.  185. 

CiSABT-BiBD,  i.  311 ;  conditions  of  in- 
heritance in,  i.  465 ;  hybrids  of,  ii. 
20;  period  of  perfect  plaman^e  in,  ii. 


53  ;  diminUhed  fertility  i^  iL  145; 

standard    of  perfection  in,  ii.   179; 

analogous  variation  in,  Ii.  341. 
Canceb,  heredity  oi,  i.  452,  U.  56. 
CAimELD,  Dr.,  on  horses  with  curled 

hair,  i.  58 ;  on  feral  horses  in  North 

America,  i.  64. 
Canine  teeth,  development  of  the,  in 

mares,  ii  810. 
CaniM  ahprxj  i.  30. 
Canit  antarcti  -ms,  i.  20. 
Cams  aryenta*v$y  ii.  134. 
Canii  aurgutj  i.  30. 
Canis    ccmcrivonUj  domesticated    and 

crossed  in  Quiana,  i.  23. 
Cams  einere<hvari&jataSf  i.  80. 
Canisfulvus,  I  80. 
Cmnis  ing<g,  the  naked  PemviaR  dog, 

L24. 
Canis  fifrant,  i.  27 ;  resemblance  of.  to 

the  Hare  Indian  dog,  L  22 ;  one  of  the 

original  stocks,  L  26w 
Canis  iupas^,  i.  25. 
Canis  lupus,  var.  oeoidmialiSj  resem- 
blance of,  to  North  American  do^s,  i. 

21 ;  crossed  with  dogs,  i.  23 ;    one  of 

the  original  stocks,  i  26. 
Canis  mesmne'as,  L  26,  30. 
Canis  primafmSy  tamed  by  Mr.  Hodgson, 

i.  27. 
Canis  saiboTj  i.  25. 

Canis  smensis,  possible  original  of  grey- 
hounds, i.  34. 
C  nis  t/toMtj  i.  SO. 
Canis  varieffaius,  L  30. 
Canning,  A.  S.  O.,  the  japanned  pea- 
cock, i.  305-807. 
Canterbubt  Bell,  doubled  by  selection, 

ii.  185. 
Cape  of  Good  Hope,  difierent  kinds  of 

cattle  at  the,  i.  91 ;  no  useful  plants 

derixed  from  the,  t.  328. 
Capercailzie,  breeding  in  captivity,  ii. 

139. 
Capra  agagrvs  and  C.  falcomeri,  pro* 

bable  parents  of  domesiiG  goat,  i.  105. 
Capsicdm,  i.  396. 
Cardan,  on  a  variety  of  the  walnut,  L 

379 ;  on  grafted  walnuts,  ii.  247. 
Cardoon,  ii.  7. 
Carex  riyida,  local  sterility  of  the,  ii. 

154. 
Carlier,  early  selectioa  of  sheep,  IL 

188. 
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Caklvsle,  Sir  A.,  ioheritance  of  peca- 
liiirities,  i.  450,  452 ;  of  polydacty- 
Itsm,  i.  458. 

"CARms"  pij^eon,  i.  164. 

Carkation,  bud-nmatton  in,  i.  406; 
▼ariability  of,  i.  394;  itripcd,  pro- 
duced by  cHMsing  r«d  and  white,  t. 
426 ;  effect  of  oonditioni  of  life  on  the, 
ii.  262. 

Car:7ITORA,  general  fertility  of,  in  cap- 
tivity, ii.  133. 

Caroune  Archipelago,  cats  of,  i. 
49. 

Carp,  ii.  222. 

Carpels,  rariation  of.  in  cultivated  Cu- 
curbitaces,  i.  38  J. 

Carpeitter,  W.B.,  regeneration  of  bone, 
ii.  284  ;  number  of  eggn  in  an  Amxiris, 
\l  373. 

CarpiuHS  betal'ts,  ii.  383. 

Carpophaga  oceanioa,  ii.  408. 

Caur,  Mr.,  effect  of  changed  conditions, 
ii.  94. 

Carrier  pigeon,  i.  146-149;  English, 
Md.;  figured,  i.  147 ;  skull  figured, 
L  172 ;  history  of  the,  i.  221 ;  Persian, 
i.  148;  Bussorah,  i'pkL;  Bagadotten, 
slcull  figured,  i.  172;  lower  jaw 
figured,  i.  174. 

CARRikRR,  origin  of  radish,  L  345 ;  in- 
termediate form  between  the  almond 
and  the  peach  i.  359 ;  glands  of  peach- 
leaves,  L  364;  bnd-variation  in  the 
▼ine,  i.  398  ;  bud-Tarialion  in  the  rose, 
i.  406;  inheritance  in  purple-leaved 
trees,  L  471 ;  on  rariatiun,  i.  439, 
441,  442 ;  grafts  of  Aria  v€itita  upon 
thorns,  i.  41.t ;  variability  of  hybrids 
of  Eri/thrma,  ii.  253. 

Carrot,  wild,  effects  of  cultivation  on 
the,  i.  345 ;  reversion  in  the,  ii.  5 ; 
run  wild,  i*.  7  ;  increased  fertility  of 
cultivated,  ii.  91 ;  experiments  on  the, 
ii.  267;  acclimatisation  of  the,  in 
India,  ii.  302. 

CarthatTMs,  abortion  of  the  pappus  In, 
ii.  307. 

Cartisk,  cultivation  of  native  planta 
in  Canada,  L  329. 

Cartophtllaoejb,  frequency  of  cent*- 
besceoce  in  the,  ii.  149 

Cabpart,  bud-variation  in  the  moss- 
rose,  i.  405 ;  on  the  ovules  .and  pollea 
•f  Cytita  i.  415 ;  crossing  of  Cvtitm 


pHi-pmreus  and  C  hAumum,  i.  416; 
trifacial  orange,  i.  418;  diffe.'entiy- 
ooloured  flowers  in  the  wild  ViUa 
Ai'M,  L  440 ;  sterility  of  the  hori»»> 
radish,  ii.  154. 

Castelnau,  on  Brazilian  cattle,  i.  92. 

Cabtratiox,  assumption  of  female  cha- 
racters caused  by,  ii.  26,  27. 

CasuaHus  betmtitii,  ii.  140. 

Cat,  domestic,  i.  45-50;  early  domesti- 
cation and  probable  origin  of  the,  i. 
45,  46 ;  intercrossing  of,  with  wild 
species,  i.  46,  47 ;  variations  of,  i.  47- 
49 ;  feral,  i.  49,  ii.  6 ;  anomalous,  i. 
50 ;  polydactylism  in,  i.  458 ;  black, 
indications  of  stripes  in  young,  ii.  80  ; 
tortoiseshell,  ii.  49 ;  effects  of  crossing 
in,  ii.  63 ;  fertility  of.  ii.  89 ;  difficuhy 
of  selection  in,  ii.  220,  222 ;  length  of 
intestines  in,  ii.  292  ;  white  with  blue 
eyes,  deafness  of,  ii.  322 ;  with  tufted 
earn,  iL  343. 

Cataract,  hereditary,  i.  453,  ii.  56. 

Caterpillars,  effect  of  changed  food  on, 
ii.  270. 

Caflef,a  leopoldn,  I  431. 

Catlin,  Q.,  colour  of  feral  horses  in 
North  America,  i.  64. 

Caton,  Judge,  wild  turkey,  ii.  91. 

Cattle,  European,  their  probable  origin 
from  three  original  species,  i.  82-85 ; 
humped,  or  lebus,  i.  82 ;  inter- 
crossing of,  i.  86,  94,  97 ;  wild,  of 
Chillingharo,  Hamilton,  Chartley, 
Burton  Constable,  and  Gisbume,  i. 
87,  ii.  97 ;  colour  of  feral,  i.  88-89, 
ii.  180;  British  breeds  of,  i.  90,  91 ; 
South  African  breeds  of,  i.  91 ;  South 
American  breeds  of,  i.  92,  ii.  189; 
Niata,  i.  92, 94,  ii.  190, 193, 332 ;  effccU 
of  food  and  climate  on,  i.  94 ;  effects 
of  selection  on,  i.  95,  96  ;  Dutch-but- 
tocked,  i.  452;  hornless,  production 
of  horns  in,  ii.  813;  reversion  in, 
when  crossed,  ii.  15;  wildness  ol 
hybrid,  it.  19;  short-horned,  prepo- 
tency of,  ii.  40;  wild,  influence  of 
crossing  and  segregation  on,  ii.  63  ; 
crosses  o^  ii.  74,  82,  96 ;  of  Falkland 
Islands,  ii  80;  mutual  fertility  of  all 
varieties  of,  ii.  88;  effects  of  inter- 
'  breeding  on,  iL  96,  97 ;  short-horn, 
.  sterility  of,  ii.  97 ;  effecut  of  uiicful 
selection  on,  ii.  178,  Id  J ;  nakeii,  oi 
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CAlrnnbiii,  ii.  189;  cmwed  with  wild 
bftnteBg  in  Java,  ii.  191;  with  re- 
TCTsad  hair  in  Diinda  Oriental,  ii. 
190;  selection  of  trifling  chamctert 
ic,  ii.  193;  fa»hidn  in,  ii.  195;  simi- 
laritj  of  bast  moM  of,  ii.  227 ;  anoon- 
tfcions  selection  in,  ii.  t98 ;  effe(*ta  of 
natnml  selection  on  anomnlous  breeds 
of,  ii.  211,212;  light-et>Inqred,  at- 
Ucked  hj  flies,  ii.  214,  3:^0;  Jersej, 
rapid  improTement  of,  il.  220 ;  effects 
of  (*iiiiiws  of  parts  in,  ii.  289 ;  mdi- 
mentary  horns  in.  ii.  306 ;  supposed 
influence  of  humiditj  on  the  hair  of, 
ii.  318;  white  spots  of,  linble  to 
disease,  iL  331 ;  supposed  analogous 
variation  in,  iL  341 ;  dlspKiceroent 
of  long  homed  bj  short-homed,  ii. 
421. 

Cauuflowee,  i.  341;  free  seeding  of, 
in  India,  ii.  301 ;  rudimentary  flowers 
in,  ii.  30«. 

Oavaucr  pigeon,  ii.  75. 

Cama  apen-Oy  ii.  134. 

Cay  {Ccbua  <u€tra\  sterilitj  of,  in  con- 
finement, ii.  136. 

Cf>Hu  azttra,  ii.  136. 

Cei^idomtfuty  larral  development  of,  ii. 
273,  353.  363;  and  liitocimpus,  i.  5. 

Ckdass  of  Lebanon  and  Atlas,  i.  387. 

C'p.LEBr,  tumip-rootad,  i.  344 ;  run  wild, 
ii.  7. 

Cell-trisort,  ii.  366. 

CeU}8ia  cristatOj  i.  .389. 

Celsus,  on  the  selection  of  seed-corn,  i. 
3:)6,  ii.  187. 

Celtr,  earlr  cnltiTation  cf  the  cabbage 
by  the,  i.  342 ;  selection  of  cattle  and 
horses  bj  thj>,  ii.  187. 

Ct'Hc^r'iSy  seeds  of  a,  used  as  food,  i. 
326. 

Ceni'iw^ea  cyaH'i$f  bui*variation  in,  i. 
404. 

Ckpiialofoda,  spermatophores  of,  it 
379. 

CcTMtii  p^diu,  jel?  iw-fhiited,  I.  462. 

Cenxil  ptetf  sterility  of,  in  captivity,  ii. 
134. 

Cercopiihecusj  breeding  of  a  species  o^ 

in  captivity,  ii.  136. 
Ceriulb,!.  329,  330;  of  the  Neolithic 
period  in  Switserland,  i.  335 ;  adspta- 
tion  o£  to  soils,  ii.  295. 
Cer^mt  ii.  11. 


Cereut  sp-'eioMnimHs  and  p'lyUanth  i ,  r«> 
version  in  hybrids  «tf,  i.  425. 

Cprms  conacfenSM,  ii.  141. 

CenoHg  dama,  ii.  99. 

Cetacea,  oorrelnttott  of  dermal  sry^tcm 
and  teeth  in  the,  ii.  321. 

Cetlon,  cats  of,  i.  48;  pigeon-fancying 
in,  i.  kl6. 

CiiAMiaBO,  <Hi  seeding  bread-fruU,  ii. 
152. 

CliAXNRL  Island^  breeds  of  cattle  in,  i. 
8:». 

Chapman,  Professor,  peach-trees  pro- 
ducing nectarines,  i  362. 

CiiAPUiS,  ¥\  seinal  pe«:uliaritie»  in 
pigeons,  i.  170;  effect  produced  b^ 
first  male  upon  the  8ub«eqQent  pnv 
geny  of  the  female,  i.  437 ;  sterility 
of  the  union  of  some  pigeons  ii.  146. 

Characters,  fixity  of,  ii.  225 ;  latent, 
ii.  2'-31,  393,  394;  continued  di- 
vergence of,  iL  227 ;  antagoui»tic,  ii. 
395. 

Chardin,  nbnndsBce  of  pigeons  in  Per- 
sia, i.  215. 

Ch  ARLEM  AOKE,  orders  as  to  the  selectioa 
of  stallions,  iL  187. 

CHA'^TlJiT,  wild  cattle  of.  i.  88. 

Chate,  reversion  of  the  upper  seeds  in 
the  pods  of  stoolcs,  ii.  340. 

Chaundt,  Mr.,  crossed  varieties  of  cab- 
bnge,  iL  110. 

Cheetah,  general  sterility  of,  in  cnjt- 
tivity,  iL  13.3. 

Cheiranthtts  cheu%  L  407. 

Cherries,  L  368,  369 ;  bud -variation  in, 
L  399;  white  Tartarian,  iL  215; 
variety  of,  with  curled  petals,  iL  218; 
period  of  vegetation  of^  chang^  by 
forcing,  ii.  301. 

Chkyreul,  on  crossing  fruit-trees,  iu 
110. 

Chiokeks,  differences  in  characten  of  u 
261,  262;  white,  litible  to  gape^,  vL 
213,  380. 

Chioob,  il.  265. 

Chile,  sheep  of,  L  99. 

CuiLUNOHAX  cattle,  i  lentical  with  /?oa 
primigenhUy  i.  84  ;  chamrters  uf,  L  87 

Chiloe,  half-castes  of,  iL  21. 

China,  cats  of,  with  druoping  ears,  k. 
49;  horses  of,  L  56:  striped  poniet 
of,  i  62;  asses  of,  L  66;  notice  ol 
rabbits  in,  by  Confucins,  L  107 1  brt  .^ 
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of  pigeons  reaped  in,  i.  216 ;  breeds 
of  fowls  of,  in  fifteenth  centarv,  L 
243,  259. 

Chinchilla,  fertility  of,  in  captivity, 
ii.  13^. 

Chikbbb,  selection  practised  by  the,  ii. 
189 ;  preference  of  the,  for  hornless 
rams,  it  194;  recognition  of  the  ralue 
of  native  breeds  by  the,  ii.  304. 

ChinI'Iie,  or  UimHlaVan  rabbit,  i.  112. 

^  Chivo8|"  a  breed  of  cattle  in  Paraguay, 
i.  92. 

CHOUX-RAVEi,  i.  342. 

Christ,  H.,  on  the  plants  of  the  Swiss 
Lake-dwellings,  i.  32G,  H36 ;  vnterme- 
diate  forms  between  Pir»u$  tylttttrU 
and  iNonttMO,  L  387. 

Cmrysanthemum,  i.  404. 

CirywHsfestivOj  ii.  269. 

Cineraria,  effects  of  selection  on  the, 
ii.  184. 

CIRCA9BIA,  horses  of,  ii.  80. 

Circumcision,  i.  467. 

CiRRiPCDEB,  metagenesis  in,  ii.  362. 

Cistuif  intercrossing  and  hybrids  of^  i. 
356,  459,  ii.  122. 

Citrons,  i.  355,  356. 

*"  Citf-MS  tnwuntitan  frwotm  variabUt,"  i. 
357. 

Citnu  decwn  ma,  i.  355. 

Citrut  temtmrnm,  L  356. 

Citrus  medica,  L  355,  356. 

<:lapham,  a.,  bud-variation  in  the 
hawthorn,  i.  402. 

*-  Claquant  "  (pigeons),  i.  145. 

"Claquers"  (pigeons),  i.  164. 

Clark,  G.,  on  the  wild  dogs  of  Juan  de 
Nova,  i.  28;  on  triped  Bttrmese  and 
Javanese  ponies,  i.  61;  breeds  of 
goats  imported  into  the  Msuritius,  L 
105;  variations  in  the  mMmnin  of 
goats,  i.  106;  bilobed  scrotum  of 
Muscat  goat,  ibid. 

Clark,  H.  J.,  on  Hssion  and  gemmation, 
ii.  351. 

Clarke,  R.  T.,  intercrossing  of  straw- 
berries, i.  374. 

Clarke,  T.,  hybridisation  of  stoiLs,  i. 
429,  ii.  71. 

Clarkson,  Mr.,  prise-cultivation  of  the 
gooseberry,  i.  378. 

Ci^SBiPiCATiON,  explained  by  the  theory 
of  natural  selection,  i.  11. 

Clett  palate,  inheritance  of,  i.  466. 


Clements,  on  wild  vines  in  Spain,  L 

352. 
Clermont-tonnerre,  on  the  St.  Va- 

lery  spple,  i.  432. 
CUMATE,  effect  of,  upon  breeds  of  dog% 

i.  39 ;  on  horses,  i.  55,  56 ;  on  cattle, 

i.  95,  96 ;  on  the  fleece  of  sheep,  i. 

102,  103 ;  on  seeds  of  wheat,  L  33:{ ; 

on  cultivated  cabbages,  i.  iM4 ;  adap- 
tation of  maize  to,  i.  34 1. 
Climate   and   pasture,  adaptati9n  oi 

breeds  of  sheep  to,  i.  100, 101 
Climate   and   soil,    effects    of,    upon 

stni wherries,  i.  .S75. 
Cuke,  Mr.,  on  the  skull  in  homed  and 

hornless  rams,  ii.  327. 
Clos,  on  sterility  in  Hanuncultu  foaria, 

ii.  155. 
Clotzsch,  hybrids  of  various  trees,  it. 

111. 
Clover,  pelorism  In,  ii.  338. 
COATB,  Mr.,  on  interbreeding  pigs,  ii.  1C9. 
Coccus  of  apple-trees,  ii.  217. 
Cochin  fowls,  i.  237,  263,  264,  273, 

274 ;  occipital  foramen  of,  figured,  i. 

274;  section  of  skull  of,  figured,  i. 

277 ;  cervical  vertebra  of,  figured,  L 

281. 
Cochineal,  persistence  of,  ii.  222 ;  pre- 
ference of,  for  a  particular  cactus,  li. 

265. 
Cochkitia  armoratia,  iL  154. 
Cock,  game,  natural   seWtion   in,   ii. 

210;  spur  of,  grafted  on  the  comb, 

ii.  286 ;  »pur  of,  inserted  into  the  eiir 

of  an  ox,  ii.  365 ;  effect  of  castration 

upon  the,  ii.  26. 
C0CK*8-C0MB,  varieties  of  the,  i.  389. 
Cocoons  of  silkworms,  variations  in,  i. 

319. 
Codfish,   bulldog,  i.   93;    number  ot 

eggs  in  the,  ii.  373. 
CaUhjenyt  paoa,  ii.  135. 
Colin,  prepotency  of  the  ass  over  the 

horse,  iL  43;  on  cross-breeding,  iL 

75 ;  on  change  of  diet,  ii.  293. 
CoLUNSON,  Peter,  peach-tree  produo* 

ing  a  nectarine,  L  361. 
Coloration  in  pigeons,  an  evidence  ot 

unity  of  descent,  L  204-206. 
Colour,  correlation  of,  in  dogs,  i.  28, 

29 ;  persistence  of,  in  horses,  L  53 1 

inheritance     and    diversity    of,    ia 

horses,  L  57;   variations  of,  in  the 
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US,  L  66 ;  of  wild  or  f«nl  cattle,  i. 

88;    trantmission   of,   in'  rabbits,  i. 

Ill;  peculisrities  of,  in  Himalajaii 

rabbits,  i.  lU;  influence  of,  ii.  212- 

216;    correlation  of,   in    head    and 

limbs,  ii.  816;  correlated  with  oon- 

stitutional  peculiarities,  ii.  329-382. 
Colour  and  odour,  correlation  of,  ii. 

317. 
OOLOUB-BUNDNEn,  hereditary,  i.  454; 

more  oommon  in  men  than  in  women, 

ii.  48,  49 ;  associated  with  inability 

to    distinguish    musical    sounds,  ii. 

^22. 
CoLOURB,  sometimes  not   blended    bj 

crossing,  ii.  70. 
Oihmba  affinis,  Blyth,  a  variety  of  C, 

livioy  i.  192. 
Coiumha  amaliaj  Drehm,  a  Tariety  of 

a  /tOM,  i.  192. 
Cotumpa  gninea,  i.  192. 
ColunAa  gynmooydua,  Gray,  a  form  of 

a  livia,  i.  193. 
Calumba  gi/nmophthalmotj  hybrids    of, 

with  C.  oenatj  i.  202 ;  with  C.  inac»> 

lo^  I  203. 
CAumba  m(tfrm<dui,Strickland,  a  rariety 

of  C.  livia,  i.  193. 
Colwnba  leuoootphaltij  ii.  1  '^9. 
Co'umba  ieuooitota,  i.  191,  205. 
Cd'tnAa  KUoralit,  i.  191. 
Columba  Uvia,  ii.  2,  14 ;  the  parent  of 

domestic  breeds  of  pigeons,  i.  192 ; 

measurements  of,  i.  140;   figured,  i. 

141;   slcuU   figured,  L  172;    lower 

jaw  figured,  i.  173;  scapula  figured, 

L  176. 
Columba  ludmoBOf  i.  191. 
Col'nnba  migratoria  and  leuoooepAala,  di- 
minished fertility  of,  in  captivity,  ii. 

139. 
Columba  ffiuM,   i.   192 ;    crossed  with 

common  pigeon  and  C,  gymnophthal^ 

«nos,  i.  203. 
Columba  palwnbus,  i.  202,  Ii.  342. 
Columba  rupetris,  i.  191,  193,  205. 
Columba  tchimperif  i.  193. 
Columba  torquatriXj  ii.  342. 
Columba  turrioo^aj  i.  193. 
Columbia,  cattle  of,  i.  92. 
Columbine,  double,  i.  888,  ii.  323. 
Columbus,  on  West  Indian  dogs,  i.  23. 
Columella,  oq  Italian  shepherd  dogx, 

L  23;  on  domestic  fowls,!.  243,  250, 


it  187, 424;  on  the  keeping  of  dncH, 
L  291 ;  on  the  selection  of  seed-corn, 
L  336 ;  on  the  benefits  of  change  of 
■oil  to  plants,  ii.  128;  on  the  value 
of  native  breeds,  iL  304. 

Colza,  L  344. 

Comb,  in  fowls,  variations  of;  L  266 ; 
sometimes  rudimentary,  ii.  306. 

Compensation,  law  of,  i.  288. 

Compensation  of  growth,  iL  335-337. 

Completion,  connection  of,  with  con- 
stitution, ii.  329. 

CoMPOSTTJE,  double  flowers  o^  L  388, 
IL  151,  307. 

CoNCEFTfON,  earlier  in  Aldemey  and 
Zetlard  corns  than  in  other  breeds,  i. 
91. 

CoNomoNn  of  life,  changed,  effect  of, 
iL  413-414;  on  horses,  L  54;  upon 
variation  In  pigeons,  i.  223;  upon 
wheat,  L  333 ;  upon  trees,  L  384 ;  in 
producing  bud-variation,  L  441 ;  ad- 
vantages o^  iL  127-130,  160, 161 ; 
sterility  caused  by,  ti,  130-149; 
conducive  to  variability,  IL  243-249, 
388 ;  accumulative  action  of,  iL  249- 
252;  direct  action  of,  iL  260-282. 

Condor,  breeding  in  captivity,  ii.  137. 

Confinement,  effect  of,  upon  the  cock, 
iL  97. 

CoNrucius,  on  the  breeding  of  rabbits 
in  China,  i.  107. 

CONOLLT,  Ifr.,  on  Angora  goats,  iL 
318. 

CoNffTiTUnoNAL  differences  in  sheep,  i. 
100;  in  varieties  of  apples,  i.  370, 
371;  in  pelargoniums,  L  388;  in 
dahlias,  L  394. 

Constitutional  peculiarities  in  straw 
berries,  L  375;  in  roses,  L  391. 

Consumption,  hereditary,  L  451;  pe- 
riod of  appearance  of,  ii.  54 ;  corre- 
lated with  complexion,  iL  329. 

Contabbbcence,  ii.  149, 150. 

Convolvulus  batataa,  ii.  153,  299. 

Convolvuhtt  trioolor,  bud-variation  in,  L 
440. 

Cooper,  Mr.,  improvement  of  v^etables 
by  selection,  ii.  188. 

Cooper,  White,  hereditary  peculiarities 
of  vision,  i.  453 ;  association  of  affec- 
tions of  the  eyes  with  those  of  othei 
systems,  ii.  321. 

CuRAiS,  Old-variation  in,  L  398;  bobp 
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ilGWoD    of    cell-gemmules   in,   ii«  I 
374. 

CoRBii.    Sse  Boitard. 

CORDEMOZ,  Dr.,  seedless  pliints,  U.  158. 

CORNEA,  opacity  of,  inherited,  L  453. 

Co>  nH»  mMculti,  jrellow-fraited,  L  462. 

CORRELATION,  ii.  311 ;  of  neighbonring 
purts,  iL  512;  of  change  in  the 
whole  bodj,  and  in  some  of  its  parts, 
ii.  313 ;  of  homologous  parts,  ii.  314- 
325 ;  inexplicable,  ii  325-357 ;  com- 
mingling  of,  with  the  effects  of  other 
agencies,  ii.  327-329. 

Correlation  of  sknll  and  limbs  in 
swine,  i.  75 ;  of  tusks  and  bristles  in 
swine,  L  79 ;  of  multiplicity  of  boms 
and  coarseness  of  wool  in  sheep,  L 
98;  of  beak  and  feet  in  pigeons,  L 
182, 183 ;  between  nestling  down  and 
colour  of  plumage  in  pigeons,  i.  204 ; 
of  changes  in  silkworms,  i.  821 ;  in 
plants,  ii.  204 ;  in  maize,  i.  841 ;  in 
pigeons,  i.  177-180,  228 ;  in  fowls,  i. 
288-289. 

Corresponding  periods,  inheritance  at, 
ii.  51-57. 

CoRRiBNTEBy  dwarf  cattle  of,  i.  92. 

CoRRXNGHAii,  Mr.,  inilueaoe  of  selection 
on  pigs,  ii.  182. 

Corsica,  ponies  of,  i.  54. 

**  CoRTBECK  "  (pigeon)  of  Aldrorandi,  L 
219. 

Conus  ooroMy  and  C  oomiv,  hybrids 
of,  ii.  72. 

Corifdalis,  flower  of,  ii.  386. 

CorydaUi  cav ',  ii.  113, 114. 

Cori/dilis  aoUdoLf  sterile  when  peloric,  iL 
150. 

Corydalia  tiAenaa,  peloric  by  reTersion, 
ii-  33. 

Coryhu  avellana,  i.  379. 

CosTA,  A.,  on  shells  transferred  from 
£ngland  to  the  Mediterranean,  iL 
270. 

COUHB,  Dr.  £.,  on  a  monstrous  chicken, 
ii.  385. 

CowPER.  Mr.  White,  defectire  develop- 
ment  of  the  dental  mtem,  iL  321. 

"  CouvE  Tronohuda,''  L  342. 

Cow,  inheritance  of  loss  of  one  horn  in 
the,  L  456;  amount  of  milk  fur- 
nished by  the,  iL  290;  dex'elopment 
of  six  mammse  in,  iL  809. 

GowsUP,  ii.  464. 


Cracid^,  sterility  of  the,  in  captirity, 
ii.  139. 

Ce%neB)  fertility  of,  in  captirity,  iL 
140. 

Cratagw  oaeyacamthoj  L  387,  402,  ii. 
217,  246,  461. 

CraitBgus  monogynOj  L  387. 

Cratagva  tHrinoa,  L  387. 

CRAwruBD,  J.,  Malasian  cats,  L  49; 
horses  of  the  Malay  Archipelago,  i. 
51 ;  horses  of  Japan,  i.  56 ;  occurrence 
of  stripes  in  young  wild  pigs  of 
Malacca,  L  80 ;  on  a  Burmese  hairy 
family  with  deficient  teeth,  iL  53, 
320 ;  *  Japanese  origin  of  the  bantam, 
L  241 ;  game  fowls  of  the  Philippine 
Islands,  ii.  243 ;  hybrids  of  Gallus 
varhtt  and  domestic  fowl,  L  246; 
domestication  of  Oalhu  bcoikiva,  L 
248 ;  feral  fowls  in  the  Pellew  Islands, 
L  249;  hUtory  of  the  fowl,  L  258; 
history  of  the  domestic  duck,  L  291 ; 
domestication  of  the  goose,  i.  303; 
cultiTated  plants  of  New  Zealand,  L 
329;  breeding  of  tame  elephants  in 
Ara,  iL  132;  sterility  of  Ooura 
ooronata  in  confinement,  iL  139; 
geese  of  the  Philippine  Islands,  u. 
145. 

Creepebs,  a  breed  of  fowls,  L  241. 

Cbesteu  fowl,  L  239 ;  figured,  L  240. 

**  CRkvE-ocEUR,"  a  French  sub-breed  of 
fowls,  i  241. 

Crisp,  Dr.,  on  the  brains  of  the  hare 
and  rabbit,  L  182. 

Crocker,  C.  W.,  singular  form  of  Be- 
gonia  frigida,  L  389,  iL  150 ;  sterility 
in  Ranunculus  fioaria,  iL  154. 

Crocus,  iL  147. 

Cbosb-breedino,  permanent  effect  of, 
on  the  female,  L  436. 

Cbosbxno,  ii.  62-125, 157-175 ;  a  cause 
of  uniformity,  ii.  62-67, 157  ;  occurs 
in  all  organised  beings,  iL  67-69 ; 
some  characters  not  blended  by,  iL 
67-72,  158;  modifications  and  new 
races  produced  by,  iL  73-77 ;  causes 
which  check,  iL  78-87 ;  domestica- 
tion  and  cultiyation  faTourable  to, 
iL  88-91,  172;  beneficial  effecu  of 
iL  92-112,  158-160;  nMesaary  to 
some  plants,  iL  112-122,  159,  160; 
418;  summary  of  subject  of,  ii  1122- 
126 ;  of  dogs  with  wolres  in  North 
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America,  L  21,  22;  with  Conis  C€m- 
crivonu  in  Guinna,  i.  28 ;  of  dop  with 
wolf,  daicribed  hj  Plinj  and  others, 
i.  24;  characters  furai^hed  bj, 
brought  oat  by  reyeniioi.  in  the 
progenj,  ii.  7-9 ;  a  direct  cause  of 
revenioD,  ii.  13->21,  23;  a  cause  of 
▼ariability,  ii.  252-255. 

CB(7flTAC£A,  macrourous,  differences  in 
the  derelopment  of  the,  iL  363. 

Cbustacean  with  an  antenna-like  de- 
relopment of  the  eye-peduncle,  ii. 
385. 

CRrnoGAMio  plants,  bud-yariation  in, 
L  408. 

Cuba,  wild  dogs  of,  i.  28. 

^Cuckoo,"  sub-breeds  of  fowls,  i.  256. 

CUCUMBEB,  Tariation  in  number  of 
carpels  of,  L  382 ;  supposed  crossing 
of  rarieties  of  the,  i.  4uO. 

Cucumit  momordSoOj  i.  384. 

Cucumii  siifwa,  i.  382. 

CucurbUOf  dwarl^  correlation  of  leares 
in,  ii.  324. 

Cucurbiia  maxima^  i.  380,  382. 

Cucurbita  motckaia,  i.  380,  382. 

Cucurbita  pepo,  I  380,  ii.  86 ;  rarieties 
of,  i.  381 ;  relation  in  size  and  num- 
ber of  f^uit  of,  ii.  336. 

CUCURBITACISA,  i.  380-384 ;  supposed 
crossing  otf  i.  430;  Naudin*s  obser- 
Tations  on  hybrids  of,  iu  156 ;  aosli* 
matisation  o(  iu  304. 

^  CULBUTAKTS  "  (pigeous),  1. 156. 

Cultivation  of  plants,  origin  of,  among 
savages,  L  326, 327 ;  fertility  increased 
by,  ii.  89-91. 

CuMiKB,  on  hereditary  night-blindneas, 
i.  454. 

CUPPLBS,  Mt^  pairing  of  deer-hounds, 
ii.  104. 

CUBBANTB,  of  Tierra  del  Fuego,  L  326 ; 
bui-rariation  in,  L  400. 

Curtis,  Mr.,  bni-rariation  in  the  rose, 
i.  406. 

CuTiER,  on  the  gestation  of  the  wolf,  i. 
30 ;  the  odour  of  the  jadcal,  an  ob- 
stacle to  domestication,  i.  31 ;  differ- 
ences of  the  skull  in  dogs,  u  35; 
external  character  of  dogs,  i.  36 ; 
elongation  of  the  intestines  in  do- 
mestic pigs,  i.  77,  ii.  293;  fertility 
of  the  hook-billed  duck,  i.  291 ;  hy- 
brid of  ass  and  zebra,  ii.    6     breed- 


ing of  animals  in  the .  Jardin  des 
PlNUtet,  ii  132;  sterility  of  pre- 
daceous  birds  in  captivity,  ii  1:17 ; 
fiicility  of  hybridisation  in  oonline- 
ment,  ii.  143. 

Cyanosis,  affection  of  fingers  in,  ii. 
326. 

CrcLAMEN,  bn  '-variation  in,  i.  407. 

Cynaira  oardunadtUy  ii.  7. 

Cgnipi  f^cmmhtrix,  ii.  273. 

Cynocephalu§  hanundryM,  v.  136. 

CyprinuB  auraimi^  i.  312-313. 

Cyrttmthm,  ii.  121. 

Cyriopodivmf  ii.  1 15. 

Cytisiu  adoBmif  its  bud-variation,  i. 
41.S-417,  i*.  11;  seedlings  from,  L 
414;  different  views  of  itn  origin, 
L  415-417 ;  experiments  in  crmsing 
C.  pmrjmrems  and  labunntm  to  pro- 
duce, i.  415 ;  its  production  by  II. 
Adam,  i.  416 ;  discussion  of  origin  of,- 
•MiL 

CfftiBua  a//Mio-'a&Mnium,  ovules  ahd 
pollen  of,  i.  415;  oritrin  of,  ibid. 

C'/ti9a»  alpimts,  i.  415. 

Cytisua  labthtwrn,  i.  413,  415,  416. 

C^tisu»  pwpw9o<lonjc^maj  ovules  and 
pollen  of,  i.  415;  prodnctlou  of,  i. 
416. 

Cytisua  jmrpumu,  L  414-417. 

Dahlbohm,  effects  cf  food  on  hymenop- 
tera,  ii.  270. 

Dahua,  L  393-394,  iL  129;  bud- 
variation  by  tubers  in  the,  i.  411; 
improvement  of,  by  selection,  ii. 
201 ;  steps  in  cultivation  of,  ii.  249 ; 
effect  of  conditions  of  life  on.  ii.  26:t ; 
correlation  of  form  and  colour  in,  iu 
325. 

Daist,  hen-and-chicken,  L  389 ;  Swan 
River,  ii  249. 

Dalbbet,  varieties  of  wheat,  i.  332. 

Dalibebt,  changes  in  the  odours  of 
phints,  ii.  264. 

Dallv,  Dr.,  on  consanguineous  mar- 
riages, ii.  102. 

Daltonism,  hereditary,  i.  454. 

Dam  ABAS,  cattle  oi,  i.  91,  ii.  192^ 
19.1. 

Damson,  i.  368. 

L>ANDOLO,  Count,  on  silkworms,  i.  31H. 

Danikll,  fertility  of  Engli  h  dogs  i« 
Sierra  Leone,  ii.  144. 


SAHUa. 


INDEX. 


piLPHurnnf. 


U5 


OaKIIB  Hlddcafly  ramauM  of  dogi  in,  L 
18. 

Dapplinq  in  bones,  aaaes,  and  kybridi, 
i.  f>8. 

L>4aE8TB,  C,  on  tho  skull  of  the  Polish 
fowl,  i.  275 ;  causes  of  variability, 
ii.  257 ;  on  the  production  of  mon- 
strous cbicicens,  ii.  279 ;  co-existence 
of  anomalies,  ii.  32.'i ;  production  of 
double  monsters,  ii.  334. 

Dabvill,  Mr.,  heredity  of  good  qualities 
in  horses,  L  456. 

Dabwrt,  C.,  on  ZfpiM  mageUaniau,  i. 
117;  on  the  wild  potato,  i.  349; 
dimorphism  in  the  polyanthus  and 
primrose,  i.  464. 

I'ARWiN,  Dr.,  improvement  of  vegeta- 
bles by  selection,  ii.  189. 

Darwin,  Sir  F.,  wildness  of  crossed 
pigs,  ii.  19. 

Darwin,  G.,  consanguineous  marriages, 
ii.  104. 

D*A9S0,  monogynous  condition  of  the 
hawthorn  in  Spain,  i.  387. 

I>a$t/procta  af^ti,  ii.  135. 

])ATi!>PALM,  varieties  of  the.  ii.  24'^ 

Datwa^  ii.  11;  variability  in,  ii.  254. 

/>  tvLra  Icnia  and  ainanoniumf  reversion 
in  hybrids  of,  i.  425. 

/>  itura  sir  moni'um,  ii.  43. 

Dal'Bkmton,  variations  in  the  number 
of  mammse  in  dogs,  i.  36  ;  proportions 
of  intestines  in  wild  and  domestic 
catjt,  i.  50,  ii.  292. 

Daudis,  on  white  rabbit%  ii.  21.5. 

Davy,  Dr.,  on  sheep  in  the  West  Indies, 
i.  102. 

Dawk  INS,  W.  Bovd,  hictoryof  thedog, 
i.  15;  origin  of  cattle,  i.  85;  early 
domestication  of  Bo9  Am/t/rons  in 
Britain,  t6i<£ 

Deaf-motes,  non-heredity  in,  i.  465. 

Dhafnusb,  inheritance  o!,  ii.  55. 

Dean,  potato-gmfting,  i.421. 

Debv,  wild  hybrids  of  common  and 
musk  ducks,  ii.  20. 

De  Candolle,  Alph.,  number  and 
origin  of  cultivated  plants,  i.  323, 324, 
395 ;  regions  which  have  furnished 
no  useful  plants,  i.  327 ;  wild  wheat, 
i.  329,  330 ;  wild  rye  and  oats,  i.  329 ; 
an\  iquity  of  varieties  of  wheat,  L  33M ; 
appareut  inefiicacy  of  selection  in 
wheat,  L  335 ;  origin  and  culti/ation 


of  main,  i.  338,  ii.  321 ;  oelonrs  of 
seeds  of  maize,  t  339  ;  varieties  and 
origin  of  the  cabbage,  i.  342,  343 ; 
origin  of  the  garden-pea,  L  345 ;  on 
the  vine,  i.  352,  ii.  298 ;  cultivated 
species  of  the  orange  group,  i.  355 ; 
probable  Chinese  origin  of  the  peach, 
i.  357 ;  on  the  peach  and  nectarine, 
i.  361,  36 1;  varieties  of  the  peach,  i. 
363 ;  origin  of  the  apricot,  i.  365 ; 
origin  and  varieties  of  the  plum,  L 
367 ;  origin  of  the  cherry,  i.  3t>8  ; 
varieties  of  the  gooseberry,  i.  376; 
selection  practised  with  forest-trees, 
i.  384;  wild  fustigate  oak,  i.  385; 
dark-leaved  varieties  of  trees,  V*kL  ; 
conversion  of  stamens  into  pistils  in 
the  poppy,  i.  389 ;  vari-gated  folinge, 
i.  390 ;  heredity  of  white  hyacinths, 
t  395,  463 ;  changes  in  oaks  depen- 
dent on  age,  i.  413;  inheritance  of 
anomalous  characters,  i.  462 ;  varia- 
tion of  plants  in  their  native  coantries« 
ii.  244;  deciduous  bushes  becoming 
evergreen  in  hot  climates,  ii.  295 ; 
antiquity  of  races  of  plants,  ii.  425. 

De  Candollb,  P.,  non-variability  of 
monotypic  genera,  ii.  2&3;  relative 
development  oi  root  and  seed  in 
Raphnnm  satifms,  ii.  335. 

Decaisnb,  on  the  cultivation  of  the 
wild  carrot,  i.  344;  varieties  of  the 
pear,  i.  372 ;  intercrossing  of  straw- 
berries, i.  373 ;  fruit  of  the  apple,  L 
432  ;  sterility  of  Lyaimackii  nwnm^ 
tarioj  ii.  154;  tender  variety  of  the 
peach,  ii.  299. 

Dker,  assumption  of  horns  by  female, 
ii.  26;  imperfect  development  ut 
horns  in  a,  on  a  voyage,  ii.  141. 

Dekr,  fallow,  ii.  81. 

Debhiiound,  Scotch,  difference  in  siae 
of  the  sexes  otf  ii.  49 ;  deterioration 
of,  ii.  100. 

DiMEllEBATiON  of  high-bred  races, 
under  negle(;t,  ii.  22.5. 

De  Jo.nghe,  J.,  on  strawberries,  L  374, 
ii.  229;  soft- barked  pears,  ii.  217; 
on  accumulntive  variation,  ii.  249  \ 
resistance  nf  blossoms  to  frost,  ii.  297. 

DelamilR,  E.  S.,  on  rabbits,  i.  11J« 
116. 

Delpfiinnim  ojacis^  \.  46  4-. 

Delpliinium  ootmUkbij  i.  463,  464. 
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I^KLPoro  on  PuigenesiB,  U.  360,  372. 

Ihiidrocygna  vidmiay  ii.  140. 

I>BMKT,  H.,  lioe  of  Ap«rea,  H.  135. 

DsMTinov,  TariatioDs  of,  in  the  kont| 
i.  52. 

Dbddar,  i.  387. 

D^mARBR,  distribution  of  white  on 
dog^  i.  30;  eat  from  the  Cape  of 
Gcrad  Hope,  i.  49 ;  cats  of  Madagascar, 
i6«il;  occiureBce  of  striped  yoang  in 
Turkish  plgi,  i.  80;  French  breeds 
of  cattle,  L  84 ;  horns  of  goati,  i.  106 ; 
on  homleas  goats,  ii.  306. 

DespOBTES,  nnmber  of  varieties  of 
roses,  i.  391. 

Dbvay,  Dr.,  singular  case  of  albinism, 
i.  460 ;  on  the  marriage  of  oousins, 
ii.  102;  on  the  elievts  of  close  inter- 
breeding, ii.  251. 

Dp.velopmi£RT  and  metamorphosis,  ii. 
383,  384. 

Deyelopment,  aTTesis  of,  ii.  306-310. 

Dbvelopiuuit,  embryonic,  ii.  361- 
364. 

D'HEBVEY-SAiirr-DENTS,  L,on  the  Ta- 
mi,  or  imperial  race  of  the  Chinese, 
ii.  189. 

DiiOLB,  fertility  of  the,  in  captirity,  ii. 
134. 

Diabetes,  occurrence  of,  in  three  bro- 
thers, i.  460. 

DiantJiuSt  contabescent  plants  of,  ii. 
149, 150;  hybrid  yarieties  of,  ii.  i255. 

Dianthua  armeria  and  Mtoideif  hybrids 
of,  ii.  76. 

LiantJtfU  &ar6ahc«,  i.  406. 

JJiatUhua  oaryophyUu8y  L  406. 

IHanthug  japomcuty  oontabesoenct  of 
female  organs  in,  ii.  150. 

Diapheromera  femorata^  it  359. 

DiCHOGAMOUB  plants,  li.  68. 

DiCKBON,  Mr.,  on  **•  running  "  in  cama- 
nations,  i.  407;  on  the  cidonrs  of 
tulipa,  i.  412. 

Diootyle$  torqmatiu  and  tabiatuSy  ii.  133. 

DiEFFEMBACH,  dog  of  New  Zealand,  i. 
26;  feral  cats  in  New  Zealand,  L 
49;  polydactylism  in  Polynesia,  L 
458. 

Pielytra,  it  33. 

TlET,  change  of,  ii.  293,  294. 

DigiitliBj  properties  of,  affected  by  cul- 
ture, iL  264. 

DlOll%snf«ruumerary,  L  457  ;  analogy 


otf  with  embryuiic  oonditiona,  jL  16 
fusion  of,  iL  334. 

DmORPHic  plants,  ii.  112;  oonditioni 
of  reproduction  in,  ii.  165-169. 

DiMORPiiiBif,  reciprocal,  iL  68. 

Dmoo,  L  26 ;  Tariation  oi^  in  ooloar,  L 
28;  half-bred,  attempting  to  borrow, 
UM.f  attraction  of  foxes  by  a  female, 
L  32 ;  Tariations  of,  in  confiaeBent, 
ii.  251. 

DKEdoUDris  of  strawberries,  L  375. 

Dueaseb,  inheritance  of;  L  451,  4o2; 
inherited  at  corresponding  iieriods  of 
life,  ii.  53-^7  ;  peculiar  to  localities 
and  dimates,  iL  265 ;  obscure  corre- 
lations in,  iL  325,  326 ;  affecting  oer- 
Uin  parte  of  the  body,  iL  374;  oc- 
curring in  alternate  generations,  iL 
396. 

Dbtempeb,  fatel  to  white  terriers,  iL 
2I.t. 

Disuse  and  use  of  parts,  effecte  of,  iL 
286-293,  345,  346,  414,  415;  in 
the  skeleton  of  rabbits,  L  129-134; 
in  pigeons,  L  180-187 ;  in  fowls,  L 
284-288;  in  ducks,  L  299-301 ;  in 
the  silk-moth,  i.  317-321. 

Diveboence,  influence  oi,  in  producing 
breeds  of  pigeons,  L  230. 

Dixon,  £.  S.,  on  the  musk  duck,  L 
191;  on  feral  ducks,  L  200;  on 
feral  pigeons  in  Norfolk  1  Aland, 
f&ttf. ;  crossing  of  pigeons,  i.  201 ; 
origin  of  domestic  fowls,  i.  242; 
crossing  of  Oaliua  mnneratii  and 
common  fowl,  L  245 ;  oocurr(>nce  of 
white  in  the  young  chicks  of  black 
fowls,  L  2  >6;  Paduan  fowl  of  Aldro- 
Tuidi,  i.  259;  peculiarities  of  the 
eggs  of  fowls,  L  260  ;  chickens,  L 
261,  262;  late  dcTelopment  of  the 
tail  in  Cochin  cocks,  i.  263 ;  comb  of 
lark-crested  fowls,  L  268;  develop* 
meat  of  webs  in  Polish  fowls,  i.  272  ; 
on  the  voice  of  fowls,  ^nd,:  origin 
of  the  duck,  L  291 ;  ducks  kept  by 
the  Romans,  L  292 ;  domestication  oif 
the  gooee,  L  302 ;  gander  frequently 
white,  i.  303 ;  breeds  of  turkeys,  i. 
309 ;  incubatory  instinct  of  mongrela 
of  ncn-eitting  races  of  fowls,  iL  18 ; 
aversion  of  the  dove-cot  pigeon  to 
p%ir  with  fancy  birds,  ii.  62 ;  fertility 
cf  the  goose,  iL  90 ;  general  sterilltj 
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«f  the  gnans  in  cmptiTitj,  iL  139*  I 
fertility  of  geese    in    captiritf,  iL 
140 ;  white  pee-fowl,  ii.  326. 

DoBRiii,  H.,  inheritance  of  anomalies  of 
the  extremities,  L  458 ;  non-rerenion 
to  a  malformation,  iL  10. 

rx>itBiZfiorFER,  abhorrence  of  incest  by 
the  Abipones,  ii.  103. 

Doofl,  origin  of,  i.  15 ;  ancient  breeds  of, 
L  17,  iL  424;  of  Neolithic,  Bronze 
and  Iron  periods  in  Europe,  i.  18,  19, 
iL  423 ;  resemblance  of,  to  rarious 
species  of  Canid»,  L  21 ;  of  North 
America  compared  with  wolres,  L 
21,  22;  of  the  West  Indies,  Sonth 
America,  and  Mexico,  L  23,  32 ;  of 
Gniana,  L  23 ;  naked  dogs  of  Para- 
gnay  and  Pern,  34,  31 ;  dumb,  on 
Joan  Fernandez,  L  27;  of  Juan  de 
Nora,  L  28;  of  U  Plata,  Und.;  of 
Cuba,  AkL;  of  St.  Domingo,  i6jitf. ; 
correlation  of  colour  in,  L  28,  29; 
gestation  of,  L  30,  31;  hairless 
Turlcish,  L  31,  iL  212 ;  inter-crossing 
of  different  breeds  of,  L  31 ;  charac- 
ters of  different  breeds  of,  discussed, 
L  34-38 ;  degeneration  of  European, 
in  warm  climates,  L  37,  39 ;  iL  267, 
295 ;  liability  to  certain  diseases  in 
different  breeds  of,  L  37  and  note; 
causes  of  differences  cf  breeds  dis- 
cussed, i.  39-45;  catchin]?  fibh  and 
crabs  in  New  Guinea  and  Tierra  del 
Fuego,  L  41 ;  webbing  of  the  feet  in, 
tbid. ;  influence  of  selection  in  pro- 
ducing different  breeds  of,  L  42,  45 ; 
retention  of  original  habits  by,  L 
191 ;  inheritance  of  polydactylism 
in,  L  549 ;  feral,  iL  6 ;  reversion  in 
fourth  generation  of,  ii.  8;  of  the 
Pacific  Islands,  ii.  64,  205,  393; 
mongrel,  iL  70;  comparative  facility 
cf  rroesing  different  breeds  of,  iL 
80;  fertility  of,  iL  88,  134;  inter- 
breeding of,  ii.  98-100 ;  selection  of, 
among  the  Greeks,  iL  186,  194; 
among  savages,  iL  191,  192;  un- 
conscious selection  of,  ii.  196,  197 ; 
ralued  by  the  Fuegians,  iL  199, 200; 
climatal  changes  in  hair  of,  ii.  268 ; 
production  of  drooping  ears  in,  iL 
291 ;  rejection  of  bones  of  ^me  by, 
K.  293 ;  inheritance  of  mdimeats  of 
Umba  i%  iL  306;  dcTelopment  of 


fifth  toe  in,  iL  309;  hairless,  de- 
ficiency of  teeth  in,  ii.  819;  sbcrt- 
faced,  teeth  of,  iL  337;  probable 
analogous  rariation  in,  iL  341 ;  ex- 
tinction of  breeds  oi^  ii.  421. 

DOMDRAIN,  H.  H.,  on  the  anricula,  iL 
H39. 

Domestication,  essential  points  in,  ii. 
400,  401 ;  favourable  to  crossing,  iL 
88,  89  ;  fertility  incrwued  by,  iL  89- 
91,  158. 

DoMEBTiCATCD  animals,  origin  of,  ii. 
144,  145;  occasional  sterility  of, 
under  changed  conditions,  ii.  145, 
146. 

DoNDURB,  Dr.,  hereditary  hyperme* 
tropia,  i.  45.S. 

Dorking  fowl,  L  237, 274 ;  furculum  of; 
figured,  i.  282. 

DOBMOOSB,  IL  135. 

Double  flowers,  iL  151, 152, 155, 156 ; 
produced  by  selection,  ii.  184. 

DouBLEDAT,  H.,  cultivation  of  the  HI* 
bert  pine  strawberry,  i.  376. 

DouoLAfl,  J.,  crossing  of  white  and 
black  game-fowls,  ii.  70. 

DowNiNQ,  Mr.,  wild  varieties  of  the 
hickory,  L  327 ;  peaches  and  nec- 
tarines from  seed.  i.  360,  361 ;  origin 
of  the  Boston  nectarine,  L  361 ; 
American  varieties  of  the  peach,  i. 
364;  North  American  apricot,  L 
3'>6 ;  varieties  of  ibe  plum,  L  368 ; 
origin  and  varieties  of  the  cherry,  L 
368,  369 ;  *«  twin-duster  pippins,"  L 
370;  varieties  of  the  apple,  L  372; 
on  strawberries,  L  373,  375;  fruit 
of  the  wild  gooseberry,  L  378 ; 
effects  of  grafting  upon  the  seed,  i^ 
472;  diMases  of  plum  and  peach 
tree,  iL  213;  injury  done  to  stone 
fruit  in  America  by  the  **  weevil,"  ii. 
217;  grafts  of  the  plum  and  peach, 
ii.  247 ;  wild  varieties  of  pears,  ii. 
248 ;  varieties  of  fruit-trees  sniUbls 
to  different  climates,  ii.  296. 

Downing,  Mr.  J.,  sterility  of  short 
horns,  ii.  97. 

Dnjdfj  sylvatris,  IL  147. 

Dragon  (pigeon),  L  146,  149. 

*«Draijer '^(pigeon),  L  164. 

Drinking,  effects  of,  in  differept  el«* 
mates,  ii.  279. 

DROMEOARr,  selection  of,  il.  190. 
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DfiUCB,  Mr.,  inUr-brMdini^,  ii.  W ;  valv« 
of  croM  bread  of  pigs,  iL  100. 

Vv  Cbaillu,  fimit-trMs  in  West  Afiiea, 
i.  827. 

DuOHEflXB,  on  Fragaria  vmm,  t  373, 
375. 

DuPOUB,  LiEoN,  OB  C^ciihmgia  and  if««> 
Gum/Nu,  i.  5. 

Duck,  musk,  retention  of  perching 
habit  by  the,  i.  19L ;  ferel  hybrid  ci, 
i.  199. 

Duck,  penguin,  hybrid  ot^  with  Egyp- 
tian goose,  ii.  44. 

Duck,  wild,  difliinlty  of  rearing,  ii. 
219;  effects  of  doDestication  on,  ii. 
2H7. 

Ducks,  breeds  of,  i.  290,  291 ;  origin  of; 
i.  291 ;  history  of;  Aid. ;  wild,  easily 
tained,  i.  292,  293 ;  fertility  of  br«>eds 
of,  when  crossed,  L  294;  with  the 
plumage  of  Ahob  botoknt^  ibid. ; 
MalayMn  penguin,  identical  in  plnm- 
age  with  Ejiglisli,  i6m1;  characters 
of  the  breeds  of,  i.  29^299 ;  eggs  of, 
L  295 ;  effects  of  use  and  disuse  in, 
i.  299-302,  ii.  288;  feral,  in  Nor- 
fcik,  i.  199 ;  Aylesbury,  inheritance 
of  early  hatching  by,  i.  471 ;  rerer- 
sion  in,  produced  by  crossing,  ii.  14 ; 
wildness  of  half-bred  wild,  ii.  19; 
hybrids  o^  with  the  musk  duck,  ii. 
19,  20 ;  assumption  of  male  plumage 
by,  iL  26 ;  crossing  of  Labrador  and 
penguin,  ii.  75;  increased  fertility 
of,  by  domestication,  ii.  90;  general 
fertility  of,  in  confinement,  ii.  140 ; 
increase  of  size  of,  by  care  in  breed- 
ing, iL  183;  change  produced  by 
domestication  in,  ii.  250. 

DuM^RiL,  Auo.,  breeding  of  Siredon  in 
the  branchiferous  stage,  ii.  379. 

Dun-ooijOUREo  hori'es,  origin  of,  i.  61. 

DUREAU  DE  LA  Malle,  feral  pigs   in 
Louisisna,    ii.     7 ;    feral    fowls    in 
Africa,  ibid. ;   bnd-rariation   in  the 
pear,  i.  401 ;   production  of  mules 
among  the  Romans,  ii.  88. 
Dusicyon  syivestris,  L  23. 
Dutch  rabbit,  i.  111. 
Dutch  roller  pigson,  i.  158. 
DUTBOCHET,  pelorism  in  the  laburnum, 

iL  338. 
Duval,  growth  of  pears  in   woods  in 
France,  iL  248. 


DUTAIrJOUTE,  OD  X«fmj  orjf^oitki,  i 

69. 
DuTERKOT,  eclf-impotcace  it   Luiwm 

oamdidum,  iL  118. 
DziiSBZON,  Tariability  in  the  charactot 

and  habits  of  bees,  L  314. 

Earle,  Dr.,  on  ooloor^blindneH,  ii.  48, 
322. 

Cass,  of  fancy  rabbita,  L  110;  de- 
ficiency of;  in  breeds  of  rabbits,  L 
112;  rudimentary,  in  Chinese  sheep, 
iL  306 ;  drooping,  iL  291 ;  fusion  of, 
iL3.S4. 

Eaton,  J.  M.,  on  fancy  pigeons,  L  155, 
159;  Tariability  of  characters  in 
breeds  of  pigeons,  i.  169;  reTersion 
of  crossed  pigeons  to  coloration  of 
Ciwnb^t  liviOj  L  208;  on  pigeon- 
fancying,  L  216,  225,  226;  on 
tumbler-pigeons,  L  220,  iL  229; 
carrier-pigeon,  L  219 ;  effects  of 
inter-breeding  on  pigeons,  iL  1<)6; 
properties  of  pigeons,  iL  182 ;  death 
of  short-faced  tumblers  in  tbe  eg^ 
iL  211 ;  Archangel-pigeon,  iL  226. 

EciiiNODERXATA.  metagenesis  in,  iL362. 

EctopistfSy  specific  difference  in  numbtt 
of  tail-feathers  in,  L  167. 

Ectopiste*  migratoriuty  sterile  hybrids 
of;  with  Turtur  vugaris^  i.  203. 

Edentata,  correlation  of  dermal  system 
and  teeth  in  the,  iL  32  L 

Edoeworth,  Mr.,  use  of  grass-seeds  as 
food  in  the  Punjab,  L  326. 

Edmoxoton,  Dr.,  on  the  stomach  in 
Lotus  anjetitatua  and  the  raven,  iL 
292. 

Edwahus  and  Colin,  on  English  wheat 
iu  France,  ii.  297. 

Edwards,  W.  F.,  absorption  of  the  mi« 
nority  in  crossed  races,  ii.  64. 

Edwards,  W.  W.,  occurrence  of  stripes 
in  a  nearly  thoroughbred  horse,  L 
60 ;  in  foals  of  raoe-horbes,  L  62. 

EoGS,  of  fowls,  characters  of,  i.  260; 
ra*  iations  of,  in  ducks,  L  295 ;  of  the 
r.lc-raoth,  L  31  i. 

£r  r?T,  oscient  dogs  of,  L  17,  18;  ancient 
domestication  of  the  pigeon  in,  L  214 ; 
absence  of  the  fowl  in  ancient,  L  258. 

EoirPTiAN  gnose,  hybrids  of,  with  pen- 
guin duck,  i.  296 

EiJRhXUHitG,  Prof.,  multiple  origin  of 
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the  dog,  i.  16 ;  dogs  of  I^wer  Egrpt, 

S.  25 ;  inummiet  of  Feii$  maniMkUa, ' 

L45. 
Elj-iMKNTS  of  the  bodf ,  ftinctional  indo- 

pcadeooe  of  the,  H.  :i64~-3G6. 
Elkphant,  ito  sterility  in  captirity,  ii. 

132. 
Elk,  Iruh,  correlations  in  the,  iL  827, 

328. 
Elliot,  Sir  Walter,  on  cats  in  India,  i. 

4(> ;  on  striped  horses,  i.  61 ;  Indian 

domestic    and    wild    swine,    i.    70; 

pigeons  from  Cairo  and  Constanti- 
nople, i.  1:^8;  fantail  pigeons,  i.  153; 

Lotan   tumbler  pigeons,  i.    158;    a 

pigeon  uttering  the  sound  VeUiH^  L 

163 ;  GaliuahcMkiva  in  Pegu,  i.  248. 
Ellis,  Mr.,  varieties  of  cultivHted  plants 

in  Tahiti,  ii.  243. 
Elm,  nearly  erergreen  Cornish  Tariety 

of  the,  L  386,  ii.  301 ;  foliag»>Tari«ties 

of  the,  i.  385. 
Elm,  weeping,  i.  385;  not  reproduced 

by  seed,  i.  462. 
EffJteriza  passerina,  ii.  141. 
Embryos,  similarity  of,  i.  12 ;  fusion  of, 

ii.  333. 
Enokl,  on  LauruB  sastafraa,  ii.  264. 
England^  domestication  of  Bet  long*- 

from  in,  i.  85 ;  selection  of  horses  in, 

in   mediaiTal  times,   ii.    187 ;    laws 

against  the  early  slaughter  of  rams 

in,  ii.  188. 
Ephemebidje,  development  of  the,  ii. 

361. 
Epidendrum  citmabanmttn,  i.  431 ;  and 

E.  zdtra,  ii.  115. 
Epilefst,  hereditary,  i.  451,  ii.  55, 
Equus  bwrchellii,  i.  67. 
Equus  quajga,  i.f>7. 
EqufS  indicuSf  ii.  17,  22. 
Eqwts  t'jmhpvu,  i.  65,  66,  ii.  18. 
Erdt,  disease  of  the  white  parts  of  cattle, 

it.  331. 
ERiCACEiE,  freouency  of  oontabesoence 

in  the,  iL  149. 
Ericutiionius,  an  improver  of  horses 

by  selection,  ii.  186. 
Erman,  on  the    fat-tailed   Kirghisian 

sheep,  i.  102,  iL  269 ;  on  the  dogs  of 

the  Ostyaks,  ii.  191. 
ErodUwn,  iL  33, 
Sryi/trina  critia-gaUi  aad  E,  ktrbmoenu 

hybrids  of,  ti.  253. 

VOL.  IL 


EschicMttia  oalifofmica,  self-stcrilo  in 

England,  iL  118. 
SaQUiLAMT,  Mr.,  on  the  naked  yonng  of 

dun-coloured  pigeons,  L  180. 
Esquimaux  dogs,  their  resemblance  to 

wolves,  L  22 ;  selection  of,  ii.  191. 
EsQUiROL,  OR  hereditary  insanity,  L  55. 
Euoes-Dkblonoouamps,  on  appendages 

under  the  jaw  of  pigs,  L  78. 
Ewmyimu  japoniatt  L  407. 
Euplwrbia  macu/aiUf  ii.  275. 
European  cultivated  plants,  still  wild 

in  Europe,  i.  324. 
Evans,   Mr.,  on    the   Lotan    tpmbler 

pigeon,  L  158. 
Evelyn,  pansies  grown  in  his  garden, 

L  391. 
Everest,  R.,  on  the  Newfoundland  dog 

in  India,  i.  37,  ii.  295 ;  degeneration 

of  setters  in  India,  L  39 ;  Indian  wild 

boars,  L  69. 
Ewes,  hornless,  ii.  343. 
EzTlNfTTiON  of  domestic  races,  i.  232. 
Kteb,  hereditary  peculiarities  of  the,  i. 

452-454;  loss  of,  causing  microph- 
thalmia in  children,  L  469 ;  moditica- 

iion  of  the  structure  of,  by  natural 

selection,  ii.  207,  208.   . 
£y|£Brows,    hereditary    elongation    of 

hairs  in,  L  452. 
Eyelids,  inherited  peculiarities  of  the, 

L452. 
Eytok,  Mr.,  on  gestation  in  the  dog,  i. 

31 ;  variiibility  in  number  of  ifertebrae 

in  the  pig,  L  77 ;  individual  sterility, 

iL146. 

/Vi6a  vulfforiSj  L  349. 

Fabre,   oUervations  on  jSgUops    triti* 

ooidf$,  i.  330. 
FagM$  syhat'oOf  L  4fi2. 
Fai^weather,    Mr.,     production     of 

Abuble  flowers  from  old  seed,  ii.  151. 
Faivre,  on  the  J^ritnuia  aincfuis,  i.  394, 

iL  324. 
Faloo  aibidus,  resumption  of  young  plu- 
mage by,  in  captivity,  ii.  141. 
fbloo  aaufraguij  ii.  215. 
F^k/fio  tMvUo^  copulating  in  captivity, 

iL  137. 
Faloo  tinmmcjlua,  breeding  in  captivity, 

ii.  13T. 
Falooneii,    Dr.,    sterility  of   English 

hnlldogs  in  India,  i.  -39 ;  resemblancs 
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between  8itM$nmm  mid  Niata  csttle, 
i.  93;  selection  of  the  silkwonn  in 
India,  i.  317  ;  fiistigate  apple-treet  in 
Calcutta,  i.  385;  re|irodaction  of  a 
•npcmniiieniy  thumb  after  ampota- 
tion,  i.  469 ;  fertility  of  the  dhole  in 
captiTity,  ii.  134;  fertililj  of  Engliah 
dogs  in  India,  it  144;  sterilitT  of  the 
tiger  in  captiritjr,  ii.  133 ;  turlcejs  at 
Delhi,  ii.  145 ;  on  Indian  cnJtivated 
planU,  ii.  148;  Thibet  ma«tijr  and 
goat,  ii.  268. 

Falooxb,  sterilitj  of,  in  captivitj,  iU 
137. 

Falkland  Islands,  horses  of  the,  i.  55, 
<>4 ;  feral  pigs  of  the,  i.  80 ;  feral  cattle 
of  the,  i.  86,  90;  feral  rabbits  of  the 
i.116. 

Fallow  deer,  ii.  81,  99. 

Fantail  pigeons,  L  153-155,  ii.  21?. ; 
figured,  i.  156  ;  furculum  of,  figured, 
i.  176;  history  of,  i.  218;  absence  of 
oil-gland  in,  ii'.  336. 

Farou  Islands,  pigeons  of  the,  i.  192. 

Fashion,  influence  of^  in  breeding,  ii. 
226. 

Fastiqate  trees,  ii.  266,  340. 

Faunas,  geographical  differences  of,  L 

la 

"  Favourite  ^  bull,  ii.  40,  96. 
FuATiiEBS,  homologous  rariation  in,  U. 

317. 
Fekt,  of  pigeons,  indiridual  differences 

of,  i.  168;   correlations  of  external 

characters  in,  i.  180. 
Feftt  and  beak,  correlation  of,  in  pigeons, 

i.  180-184. 
Feud^e,  fertility  of,  in  captarity,  iL 

133. 
Feii8lAAa8tes,l4$. 
J")  lit  caffra^  i.  46. 
/>/tf  oaVgmhta,  i.  45. 
>W/«  chama,  i.  45-47. 
Felisjuhata,  ii.  133. 
J-'elit  lybiMf  i.  46. 
J-'elis  mankmhiaj  L  45. 
/Wis  man^y  i.  47. 
Felis  ornata,  i.  47. 
Fella  sykesintj  I  46. 
Feiia  torquatOj  i.  47. 
Fkm ALE,  afiected  by  male  element,  ii. 

361,  382. 
fvMALR  fioweta,    in  ocale  panicle  cf 

nsaUe,  i.  339. 


Fenx,  Mr.,  grafting  potatoes,  L  491. 

Venmkl,  Italian  variety  o^  i.  344. 

Feral  cats,  L  49 ;  cattls,  L  89 ;  rabbiti^ 
i.  116,  119 ;  Guinea  fowl,  i.  310;  ani- 
mals and  plants,  revenion  in,  it.  5, 6, 
22. 

Febouson,  Mr.,  supposed  plurality  of 
ori^n  of  domestic  fowls,  L  243; 
chickens  of  black  game-fcwls,  L  257  ; 
relative  size  of  eggs  of  fowls,  L  260 ; 
yolk  of  eggs  of  game-fowls,  i.  262 ; 
early  pugnacity  of  game-cocks,  i. 
263 ;  voice  of  the  Malay  fowl,  i.  272 ; 
effects  of  interbreeding  on  fowls,  ii. 
105 ;  selection  in  Cochin-China  fowls, 
ii.  180;  on  fashion  in  poultry,  iL  226. 

Fernandez,  on  Mexican  dogs,  i.  23. 

FernSi  reproduction  of  abnormal  forms 
of^  by  sponts,  i.  408 ;  non-diffusion  of 
cell>gemmules  in,  iL  373. 

Fi-JiRElB,  ii.  90, 134,  190. 

Fertilisation,  artificial,  of  the  St. 
Valery  apple,  L  371,  372. 

FERTiLmr,  various  degrees  of,  in  sheep, 
i.  101 ;  unlimited  mutual,  of  breeds 
of  pigeons,  L  201-203;  comparative, 
of  mongrehi  and  hybrids,  IL  78,  79, 
162-16.5;  influence  of  nourishment 
on,  iL  89 ;  diminished  by  close  inter- 
breeding, iL  96,  159;  reduced,  of 
Chillingham  wild  cattle,  iL  97 ;  of 
domesticated  varieties  when  croaaed, 
ii.  173. 

^<n<iMw,  species  of,  propagated  by  bulb^ 
lets,  iL  154. 

Filberts,  spared  by  tomtits,  ii.  216. 

Fiuppi,  on  the  breeding  of  branchiferomi 
tritons,  ii.  379. 

FiNCUES,  general  sterility  ot,  in  cap- 
tivity, ii.  137. 

FiNNiKiN  (pigeon),  L  164. 

FiNOOCHlO,  L  344. 

Fir,  Scotch,  acclimatisation  of,  ii.  BOO. 

Fnii,  Mr.,  advantage  of  change  of  soil 
to  plants,  ii.  129. 

Pishes,  regeneration  of  portions  of  fina 
of^  iL  15 ;  variability  ot,  when  kept  la 
tanks,  ii.  246  ;  marine,  living  in  nesh 
water,  iL  294;  double  monsters  of,u. 
3,33. 

Fission  and  gemmation,  iL  351. 

FiTCii,  Mr.,  persistency  of  a  Variety  ef 
the  pea,  i.  349. 

Fittest,  survival  of  the^  L  6w 
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PlRONIBB,  origin  of  shtcpi  L  98 ;  Aft  '.• 
can  mftned  tbcep,  L  100. 

FiTZPATRiGK,  Mr.,  poUto-grafiiDg,  I. 
421. 

FiXEDSEM  of  cluracter,  ooaditioos  o^ 
diKiuweil,  iL  37-39. 

VuLXj  found  ia  tlMSwiM  Uka-dwellinga, 
i.  335 ;  dioMUl  diHerence  in  products 
of,  iL  264. 

Fleboi,  fiaeMM  of,  in  Auatriao  merinos, 
ii.  181. 

Fleisohmaxs,  OB  Ckmum  sheep  crossed 
with  merinos,  ii.  60. 

*«  JeiORBanoKEM/TAUBE,**  I  149, 150. 

Flounoiir,  iL  28. 

FL0URK58,  crcesing  of  wolf  and  dog,  i. 
33 ;  prepoteoc  J  of  the  jscknl  over  the 
dog,  ii.  43;  hybrids  of  the  borM  and 
ass,  iL  43 ;  breeding  of  monkeys  in 
Europe,  ii.  135. 

FLOWKB-<iARD£ir,  earliest  known,  in 
Europe,  iL  20*i. 

Flowebs,  capridoos  transmission  of 
colour-Tarieties  in,  i.  463,  464 ;  ten- 
dency to  vniforraity  in  striped,  iL  45 ; 
scorching  of,  dependent  on  colour, 
ii.  214 ;  change  in,  caused  by  condi- 
tions of  life,  iL  262 ;  rudimenUry,  iL 
307 ;  relatire  position  of,  to  the  aiis, 
ii.  337. 

FiETATioai,  abdominal,  ii.  285. 

Foley,  Mr.,  wiki  Tarieties  of  penn,  ii. 
248. 

Foliage,  inherited  pecnllarities  of,  L 
385;  Tariegation  of,  L  390;  bud- 
Tariation  in,  L  407-409. 

Food,  influence  ol^  on  the  pig,  L  76 ;  on 
cattle,  L  94 ;  excess  ci,  n  canse  of  ra- 
riability,  ii.  244. 

FOBBCS,  D.,  on  Chilian  sheep,  L  99 ;  on 
the  horses  of  Spain,  Chili,  and  the 
Pampas,  L  54. 

Formica  rufn,  iL  238. 

FoBTUNE,  R.,  steriUty  of  the  sweet 
potato  in  China,  iL  153  ;  dsrelopnent 
of  axilUry  bulbs  in  the  yam,  HM. 

f  OWL,  common,  breeds  o£,  L  236-242 ; 
supposed  plurality  of  origin,  L  242 ; 
early  history  of,  L  243-245;  causes 
of  production  of  breeds  ot^  i.  245; 
origin  of,  from  Oaitut  b.tnkiva,  u  247- 
251,257;  feral,  notices  of,  L  249, 
250 ;  rerersion  and  aualogous  raria- 
tioB  IB,   L   251-258,  iL    9,   12-14, 


341,343;  *< cuckoo**  sub-breeds  of, 
L  256 ;  hUtory  of,  L  258-260;  struc- 
tursl  characters  of,  L  260-262  ;  sexr 
nal  peculUrities  of,  i.  263-270,  ii. 
50;  external  differences  of,  L  270-273; 
differenees  of  breeds  of,  from  0.  b  /»• 
kioa,  L  272;  osteological  characters 
of,  273-284 ;  effects  of  disuse  of  parts 
in,  L  284-288,  iL  288 ;  feral,  L  199, 
ii.  7  ;  polydactylism  in,  L  458 ;  fer- 
tility of,  increased  by  domestication, 
iL  90, 145  ;  sterility  of,  under  certiiiu 
conditions,  ii.  144;  influence  of  selec- 
tion on,  ii.  180,  182,  194;  evils  of 
clore  inter-breeding  of,  iL  104,  105; 
cnssing  of,  iL  73-75;  prepotency 
of  traL«mission  in,  ii.  42 ;  rudimen- 
tary organs  in,  iL  306 ;  crossing  of 
non-sitting  Yarieties  of,  iL  18.  19^ 
homology  of  wing  and  leg  feathers 
in,  iL  315;  hybrids  of,  with  phea- 
sants and  Gailus  mnmeratii,  iL  20; 
black-skinned,  ii.  194 ;  black,  preyed 
upon  by  the  osprey  in  Irel  lud,  ii.  2 15 ; 
five-toed,  mentioned  by  Columella,  ii. 
424;  rumpless,  tailed  chickens  pro* 
duced  by,  iL  4 ;  Dorking,  crosses  of, 
U.  70 ;  form  of  comb  and  colour  of 
plumage  in,  ii.  224 ;  game,  crossing 
of  white  and  black,  iL  70;  five- 
spurred,  iL  386  ;  Spanish,  liable  to 
suffer  from  frost,  iL  296;  Polish, 
peculiarities  of  skull  of,  iL  326-327. 

Fox,  sterility  of,  in  captivity,  iL  134. 

Fox,  S.  Bevah,  races  of  bees,  L  314. 

Fox,  W.  Dabwin,  gestation  of  the  dog, 
L  31 ;  "  Negro  ^  cat,  L  48 ;  rever- 
sion of  sheep  in  colour,  iL  3;  period 
of  gestation  in  the  pig,  L  77  ;  young 
of  the  Himalayan  rabbit,  L  1 14 ; 
crossing  of  wild  and  domestic  turkeys, 
L  308;  reversion  in  crossed  musk 
ducks,  IL  14;  spontaneous  segrega- 
tion of  Tarieties  of  geese,  ii.  82; 
effects  of  close  inter-breeding  upon 
bloodhounds,  ii.  100;  deafness  ol 
white  cats  with  blue  eyes,  iL  322. 

Foxhounds,  L  42,  iL  99. 

Fragaria  chiloenBit,  L  373. 

Fragaria  coliina,  L  373. 

Fragaria  dHoica  of  Duchesne,  L  37fib 

Fragaria  fkdior,  L  373. 

Frajaria  grandijlont,  L  373. 

Fragaria  teaca,  L  373. 
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Fragaria  virgimiima,  L  373. 
rraximu  esoeinor,  I.  384,  408,  463. 
Fraxinu»  lefUiacifoUa,  i.  462. 
Fru-slakd  cattle,  probably  dcMendcd 

from  Bos  prinugenimij  i.  84. 
Frillback  pigeon,  i.  163;   IikU«b,  L 

161. 
FringiUa  driM,  ii.  137. 
FringiUa  tfimtt,  ii.  137. 
FttizzLBD  fowls,  i.  241 ;  horses,  i.  56. 
Frog,  polydactylism  \n  the,  L  458. 
Fruit,  seedless,  ii.  152. 
Fruit-trebb,  Tsrieiies  of,    oocorring 

wild,  L  327. 
Fry,  Mr.,  on  fertile  hybrid  cats,  i.  46 ; 

on  feral  fowls  in  Ascension,  i.  249. 
Fuchsias,  origin  of,  i  388  ;  bud-raria- 

tion  in,  i.  407. 
Fuchsia  ooccinea  and  fu'geHt,  twin  seed 

produced  by  crossing,  1.  426. 
FuKGiANB,    their    supeK^itton    about 

killing    young  water-fowl,   i.  327 ; 
•     selection  of  dogs    by  the,  ii.    191; 

their  comparatire  estimation  of  dogs 

and  old  women,  ii.  199 ;  their  power 

of  distant  rision,  ii.  208. 
FrMOi,  parasitic,  ii.  274,  275. 
FUrbrinoeb,  Dr^  on  nails  ot  Saurians, 

ii.  386. 
Furculum,  characters  and  rariations  of 

the,  in  pigeons,  i.  176 ;  alteration  of, 

hy   disuse,  in   pigeons,  i.  1 85 ;  cha- 
racters of,  in  fowls,  i.  282. 
Fusion  of  homologous  parts,  ii.  387. 

Cait,  inheritance  of  peculiarities  of,  i. 

450. 
Galapagos    'ichipelago,  its  pocaliar 

fauna  and  flora,  L  9. 
0  lUcMoUm  Imtewn,  pelorism  in,  ii.  33, 

337. 
Galu^  ii.  272-274. 
(f  ALL-ONATS,  iL  273. 
GAI.I/-UKB  excrescenoes  not  inheritad, 

ii.  23. 
Gallinaceous  birds,  restricti-d  range 

of  lart^e,  i.  249 ;  general  fei  Ulity  of, 

in  captivity,  ii.  139. 
GaUinuh  chioropu$,  ii.  140. 
Gaiiintila  nesi<dia,  i.  302. 
GaLLKSIO,  species  of  oranges,  L  355- 

357 ;  hybridisation  of  oranges,  i.  357 ; 

persistency  of  races  tn  the  peach,  i. 

360 ;  supposed  specific  distinctions  of 


peach  and  nectarine,  V  361 ;  bt^sarrin 
orange,  i.  417  ;  crosbing  of  red  and 
white  camatiotts,  i.  426 ;  croasing  oi 
the  orange  and  lemon,  i.  430,  ii.  360 ; 
effect  of  foreign  pollen  on  maize,  i. 
130 ;  spontaneous  crossing  of  oranges, 
ii.  68;  monstrosities  a  cause  of  steri- 
lity in  planta,  ii.  150;  seeding  oi 
ordinarily  seedless  fmita,  ii.  152 ;  sto- 
rility  of  the  sugar-cane,  ii.  153;  ten- 
dency of  male  flowers  to  become 
double,  ii.  155;  eflects  of  selection  in 
enlarging  fruit,  &c,  ii.  202 ;  ra na- 
tion of  the  orange-tree  in  North 
lUly,  iL  243;  natnralisatioB  of  the 
orange  in  Italy,  ii.  298. 

QaUua  cBnetts,  a  hybrid  of  G.  wtritu  and 
the  domestic  fowl,  I.  246. 

Galhu  bankiwif  probable  original  of  do- 
mestic fowls,  i.  245,  247-251,257; 
game-fowl,  nearest  to, !.  237 ;  crossed 
with  (?.  $otu%eratii,  i.  246 ;  its  eha- 
racter  and  habits,  i.  246,  iL  88;  dif- 
ferences of  rarious  breeds  of  fowls 
from,  i.  272 ;  occipital  foramen  of, 
figured,  L  274;  skull  of,  figured,  L 
275 ;  cervical  vertebra  of,  figured,  L 
281 ;  fnrculum  of,  figured,  L  282 ;  re- 
version to,  in  crosiied  fowls,  ii.  13, 14 ; 
hybrid  of,  with  G.  oaWtis,  i.  246,  ii. 
14 ;  number  of  eggs  of,  ii.  90. 

Galiua  ferrmfineutf  i.  237. 

GaUus  furoatus,  L  246. 

Gailu9  ffiffoiUeug,  i.  246. 

Oallua  sonneratiij  characters  and  habits 
of,  L  245 ;  hybrids  of,  i.  245,  iL  20. 

GcUlut  stanleyi^  hybrids  of,  L  246. 

Galhu  tenunutciiij  probably  a  hybrid, 
L246. 

Gallui  varhu,  characters  and  habits  of, 
i.  246  ;  hybrids  and  probable  hybrids 
of,  L  246. 

Galton,  Mr.,  fondness  of  savages  for 
taming  animals,  L  20,  iL  144 ;  cattle 
of  Benguela,  L  91 ;  on  hereditary 
talent,  L  451 ;  on  Pangenesis,  ii.  350. 

Gaudier,  Lord,  his  early  cultivatioii  of 
the  pansy,  i.  392. 

Game-fowl,  i.  237,  263-265. 

Gap.is,  ii.  213. 

Garcilazo  de  la  Vboa,  annual  hunts  of 
the  Peruvian  Incas,  ii.  192. 

Garvett,  Mr.,  migratory 
of  hybrid  ducks,  ii.  20. 
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Gabboo^  Dr.,  on  hereditary  gout,  i.  451. 

GiiBnnsil,  on  the  tterility  of  hybrids,  i. 
201,  iL  ?9, 169;  acquired  sterility  of 
varietiea  of  plants  when  crossed,  L 
381 ;  steiiUty  in  transplanted  plants, 
and  in  the  lilac  in  Germany,  ii.  148 ; 
mutual  sterility  of  blue  and  red 
flowers  of  the  pimpernel,  iL  178; 
supposed  rules  of  transmission  in 
crossing  plants,  ii.  42;  an  crossing 
plants,  ii.  76,  107,  111,  112;  on  re- 
peated crossing,  ii.  255 ;  absorption 
of  one  species  by  another,  when 
crossed,  ii.  65 ;  crossing  of  Tarieties 
of  the  pea,  i.  428 ;  crosaing  maize,  ii. 
82 ;  crossing  of  species  of  Verbamnimj 
ii.  71,  83;  reyersion  in  hybrids,  ii. 
9,  2a,  24;  of  CeremSy  i.  425 ;  of  lh>- 
pceohan  maju$  and  mtiniis,  i.  425 ;  va- 
riability of  hybrids,  iL  253;  Taria- 
ble  hybrids  from  one  Tariable  parent, 
iL  258;  graft  hybrid  pmdnoed  by 
inoculation  in  the  Tine,  L  419 ; 
effect  produced  by  grafts  on  the  stoclc 
L  418,  iL  267 ;  tendency  of  hybrid 
plants  to  produce  double  flowers,  ii. 
155 ;  production  of  perfect  fruit  by 
sterile  hybrids,  iL  156 ;  sexual  elec> 
tire  affinity,  iL  164 ;  self-impotence 
in  LobeUa,  Verlni-cmnj  LUnuHf  and 
PatsifiorOy  iL  117,  118;  on  the  action 
of  pollen,  ii.  86;  fertilisation  of 
McUva,  L  434,  iL  356 ;  prepotency  of 
pollen,  ii.  171;  prepotency  of  trans- 
mission in  species  of  NicotUma^  ii.  43 ; 
bud-variation  in  Pelargonium  Monale, 
i.  402 ;  in  (Enothera  Iriennit,  L  407 ; 
in  AchiUcBa  miUefoiium,  L  440  ;  effect 
of  manure  on  the  fertility  of  plants, 
iL  147;  on  contabescence,  iL  149- 
150;  inheritance  of  plasticity,  iL 
227 ;  villosity  of  plants,  ii.  267. 

Gaspabini,  a  genus  of  pumpkins, 
founded  on  stigmatic  characters,  i. 
382. 

Gaudichaud,  bad-variation  in  the  pear, 
i.  401 ;  apple-tree  with  two  kinds  of 
fruit  on  branch,  L  425. 

Gar,  on  Fragaria  grandiJlorOj  L  373 ; 
on  Viola  lutea  and  tricolor^  L  392 ;  on 
the  nectary  of  Viola  grandiftora,  i. 
393. 

Gatal,  domestication  of  the,  L  88. 

Qayot.    See  MolL 


Geebb  (aiuer€8\  geaaral  fertility  ^  im 
captivity,  ii.  140. 

GfaiMATioif  and  flssion,  U.  851. 

Gkhmules,  or  oell-geumules,  iL  8i(\ 
372-377,  380. 

Gexbratiov,  alternate,  U.  354,  363, 
385. 

Gkneratioh,  sexual,  iL  852-357. 

Gekbt,  fertility  of  the,  in  captivity,  ii. 
1.J4. 

Genius,  inheritance  of,  L  451. 

Gentiana  amareUa,  ii.  1^2. 

GfiOFFBor  Saint-Hilazre,  produstion 
of  monstrous  chickeus,  ii.  279 ;  **  Jjoi 
de  Caffinit^de  toipow  soi/*  iL  333; 
compensation  of  growth,  iL  335. 

Gboffroy  SAiirr-HiLAiRB,  IsiD.,  origin 
of  the  dog,  L  16 ;  barking  of  a  jackal, 
L  28 ;  period  of  gestation  and  odour  of 
the  jackal,  L  31 ;  anomalies  in  the 
teeth  of  dogs,  L  36 ;  variations  in  the 
proportions  of  dogs,  ffjid.;  webbed 
feet  of  Newfoundland  do};s,  L  41; 
crossing  of  domestic  and  wild  cats,  i. 
46 ;  domestication  of  the  arni,  L  86 , 
supposed  introduction  of  cattle  into 
Europe  from  the  Elast,  ibtd. ;  absence 
of  interdigital  pits  in  sheep,  i.  99 ; 
origin  of  the  goat,  L  105 ;  feral  geese, 
L  200 ;  anci  nt  historv  of  the  fowl, 
L  '^58;  »kttll  of  the  Polish  fowl,  L 
275;  prefeienoe  of  the  Romans  for 
the  liver  of  white  geese,  L  305 ; 
polydac'ylism,  L  457 ;  assumption 
of  male  characters  by  female  bird,  iL> 
26;  transmission  and  blending  of 
characters  in  hybrids,  iL  72 ;  refusal 
of  animals  to  breed  in  captivity,  ii. 
131;  on  the  Guinea-pig,  IL  135; 
silkworms  produciog  white  cocoons, 
ii.  183;  on  the  carp,  iL  222;  on 
Helix  lacte<t^  ii.  270 ;  on  monstrosities, 
ii.  241 ;  injury  to  the  embryo  a  cause 
of  monstrosity,  ii.  257 ;  alteration  in 
the  coat  of  horses  in  coal>minea,  ii^ 
268 ;  1<  ngth  of  the  intestines  in  wild 
and  tame  animals,  iL  292,  29 ) ;  in- 
heritance of  rudimentary  limbs  in 
the  dog,  ii.  306;  correlation  in 
monstrosities,  iL  312;  snpemB* 
merary  digits  in  man,  iL  314;  oo* 
existence  of  anomalies,  iL  325 1 
presence  of  hairs  and  teeth  is 
ovarian   tumours,  iL365;   develop* 
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ment  of  teeth  on  the  p«lete  la  the 
hone,  ii.  375. 

GnooRAPiiiCAL  difiereDoee  of  famias,  i. 
10. 

0>x>LOQICAL  succession  of  orgenisras, 
i.  11. 

Getwivtm,  ii.  33. 

Germnium  ph<gum  aai  pyrtnaiewmf  iL 
246. 

Geranium  pratenae^  i.  4(H. 

Gerard,  nssertod  climetai  change  'i 
Uitrgundian  been,  i.  314. 

Okrarde,  on  rarieties  of  the  hyacintl^ 
i.  894. 

OEKsrXGfKKR,  on  hire-bees,  1.  31.5. 

GfJtVAU,  Prof.,  origin  of  the  dog,  i. 
16 ;  resemblance  of  dogs  and  jackals, 
L  25  ;  taming  of  the  Jackal,  i.  27 ; 
nombur  of  teeth  in  dogs,  i.  36 ;  breeds 
of  dogs,  i.  38 ;  on  tertiary  horses,  i. 
53 ;  Biblical  notices  of  horses,  i.  57  ; 
species  of  OtiSj  i.  97 ;  wild  and 
domestic  rabbits,  L  107;  rabbits 
from  Mount  Sinai  and  Algeria,  i. 
109;  earless  rabbits,  I.  112;  batn- 
ehia  with  doubled  limbs,  ii.  385. 

Ghratiox.  period  of,  in  the  dog,  wolf, 
&C.,  i.  30,  31 ;  in  the  pig,  i.  77;  in 
cattle,  i.  90,  ii.  ttl3;  in  sheep,  i. 
101. 

GkSTURi-a)  inheritance  of  peculiarities 
in,  i.  450. 

**  GiiooXDOOiES  "  a  sub-breed  of  fowb, 
i.  241. 

GHOtt-KHnt,  ii.  17. 

GiLKfl,  Mr.,  effect  of  cross-breeding  in 
the  pig,  i.  43e. 

GiRAiFE,  co-ordination  of  strnctnre  of, 
ii.  206. 

GiRARO,  period  of  appearance  of  pemw- 
nent  teeth  in  dogs,  1.  36. 

Giraud-Teulom,  cause  of  short  sight, 
i.  453. 

Gibou  db  Buzarrinoueb,  inheritance  in 
the  horse,  i.  455 ;  reversion  bj  age  in 
cattl'*,  ii.  12;  prepotency  of  trans- 
mission of  character  in  sheep  and 
cattle,  ii.  41 ;  on  crossing  gourds,  iL 
86 

WBBCRins,  wild  cattle  at,  i.  88. 

GladiolHBf  i.  388;  self-impotence  of 
hybrids  of,  ii.  121. 

Giadiaht9  cohiilU,  bnd-Tariation  in,  i. 
407. 


Glaum,  oompensatory  dfuJopisat  •( 
ii.  290. 

GLArroxBUST  thorn,  i.  S87. 

GIjKNNT,  Mr.,  on  the  Cmtraria,  ii.  184^ 

Globdb,  F.,  on  strawberries,  i.  375. 

Glooer,  on  the  wings  of  ducks,  ii.  238L 

'*  Oi/NTOLOO  "  (pigeonX  i.  162. 

Glojcinict,  peloric,  i.  389;  ii.  150. 

GMtxnr,  on  red  cats,  at  Tobolsk,  i.  4^. 

Goat,  i.  105, 106,  ii.  6;  polydactvlbn 
in  the,  i.  549;  sexual  differences  in 
horns  of,  ii.  49;  mined  by  Sontn 
Africans,  iL  193;  Thibet,  iL  268; 
amount  of  milk  and  dcrek^tnent  of 
udden  in  the,  ii.  290 ;  homlen,  mdi- 
mentarj  bony  cores  in,  iL  306; 
Angora,  iL  318. 

GoDiXE,  on  prepotency  of  transmission, 
ii.  41. 

GODRON,  odoor  of  the  hairless  Turkish 
dog,  L  31 ;  differences  in  the  sknll  of 
dogs,  L  35;  increase  of  lireeds  of 
hordes,  i.  53;  crosaing  of  domestic 
and  wild  swine,  L  69;  on  goats,  L 
105,  106 ;  colour  of  the  skin  in  fowls 
L  271;  bees  of  north  and  south  of 
France,  i.  814;  introduction  of  the 
silkworm  into  Europe,  L  317  ;  rari- 
ability  in  the  sUkworm,  L  321 ;  sup- 
posed species  of  wheat,  L  330,  331 ; 
on  JEgilogm  irUhoidOj  L  330;  rari- 
able  presence  of  barbs  in  grasises,  i. 
331 ;  colours  of  the  seeds  of  maize,  i. 
339 ;  unity  of  character  in  cabbages, 
L  342 ;  correlation  of  colour  and 
odour,  L  343;  effect  of  heat  and 
moisture  on  the  cabbage,  iML  ;  on 
the  cultiyated  species  of  Brauha^  L 
344;  on  the  Rouncir^l  and  sugar 
peas,  i.  346 ;  Tariation  in  the  num- 
bers of  peas  in  the  same  pod,  i.  347  ; 
wild  Tines  in  Spain,  i.  352 ;  on 
raising  peaches  lirom  seed,  i.  360; 
supposed  speciBc  distlnctnees  of  peorh 
and  nectarine,  i.  361 ;  nectarine  pro- 
ducing peaches,  i.  362 ;  on  the  flower 
of  Corydali$j  iL  336;  origin  and 
rariations  of  the  plans,  L  367  ;  origin 
of  the  cherry,  L  368;  rsTersion  of 
single-leared  strawberries,  i.  375; 
fire-lcaTed  Tariety  of  Fragaria  ooIUmOj 
ilnd, ;  supposed  immutability  of 
specific  characters,  L  381,  382; 
varieties  of  /.'o6imki,  i.   385 ;    per* 
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of  the  simple-leared  ash,  f. 
386;  koa-inheriUnoe  of  eertaia 
motilatioBs,  i.  466;  wild  taraipa, 
carrots,  aod  celery,  it.  7 ;  peloria,  ii. 
S4  ;  {Mrepoieacy  of  a  goat*iike  ram, 
ii.  41 ;  benefit  of  change  of  toil  to 
plants,  it.  128;  fertility  of  peloric 
flowers  of  Oonfdaiis  aoiida,  ii.  l.V) ; 
seeding  oC  ordinarily  seedless  frait, 
Si.  152;  sexoal  sterility  of  plants 
propagated  by  buds,  &c,  iL  I5H;  in- 
crease of  sugar  in  beet-root,  ii.  185 ; 
effects  of  selection  in  «inUrging  pnr- 
ticular  parts  of  plants,  iL  202; 
growth  of  the  cabbage  in  the  tropics, 
ii.  267 ;  rejection  of  bitter  almonds 
by  mice,  ii.  218 ;  influence  of  marshy 
posture  on  the  fleece  of  sheep,  ii.  268 ; 
on  the  ears  of  ancient  Egyptian  pigs, 
ii.  291 ;  primitive  distinctness  of 
species,  ii.  410;  solid-hoofed  swine, 
ii.  424. 

GoETHR,  OB  compensation  of  growth, 
ii.  335. 

GoLD-Fun,  i.  312, 313,  ii.  222. 

GOMA.RA,  on  South  American  cats,  L 
48. 

(jOnooba,  number  of  seeds  in  the,  ii. 
373. 

Goodman,  three- toed  cows,  i.  459. 

GoosK,  ancieat  domestication  of,  i.  302 ; 
sacred  to  Juno  in  Rome,  ibkL ;  inflexi- 
bility of  organisation  of,  i.  303 ;  skull 
perforated  in  tufted,  ^ti. ;  charac- 
ters of  breeds  and  sab-breeds  of,  i. 
303, 304 ;  variety  of,  from  Sebastopol, 
i.  304,  ii.  386 ;  feral,  in  U  Plata,  i. 
199 ;  Egyptian,  hybrid  of^  with  pen- 
guin duck,  ii.  43 ;  spontaneous 
segregation  of  varieties  ot,  iL  82; 
fertility  of,  increased  by  domestica- 
tion, ii.  90 ;  decreased  fertility  of,  in 
Bogota,  iL  145;  sterility  of,  in  the 
Philippine  Islands,  T^Mf. ;  selection 
of,  iL  188;  white,  preference  of  the 
Roraans  for  the  liver  of,  iL  194; 
persistency  of  character  in,  iL  241 ; 
EgyptLm,  change  in  breeding  season 
of,  ii.  294. 

GoosKDKRBY,  L  376-378;  bnd-variation 
in  the,  L  400;  Whitesmith's,  iL 
218. 

GdppERT,  on  monstrous  poppies,  ii.  150. 

ttOftUby  J;*.  IL,  terai  uugs  in  Jamaica,  i. 


28;  feral  pigs  of  Jamaica,  L  80; 
feral  rabbits  of  Jamaica,  L  116  ;  on 
Ojtitmha  kuoooepKah,  L  193;  feral 
Guinea  fowl  in  Jamaica,  L  199 ;  re- 
production of  individual  peculiarities 
by  gemmation  in  a  coral,  L  398; 
Inquency  of  striped  legs  in  mules. 
If.  16. 

GOtTLD,  Dr.,  on  hereditary  haemorrhage, 
L451. 

Gould,  Jobv,  origia  of  the  turkey,  L 
308. 

Chura  oorvMita  and  Vktorim^  hybrids 
of,  i.  203,  iL  138. 

Gourds,  L  381 ;  crossing  of  varieties  of, 
ii.  86 ;  ancient  Peruvian  variety  of, 
ii.  425. 

Gout,  inheritance  of,  L  451 ;  period  of 
appearance  of,  fl.  54. 

Grada,  on  the  pigeon  of  the  Faroe 
Iiilunds,  L  192. 

Graftisto,  ii.  129;  effects  of,  iL  24€, 
207;  upon  the  stock,  L  41^-422; 
upon  the  variability  of  trees,  ii.  246 ; 
changes  analogous  to  bud-variation 
produced  by,  L  413,  415. 

Graft-iitdrids,  L  413, 417-422,  iL  360. 

Grai*£B,  bud-variation  in,  L  399 ;  cross 
of  white  and  purple,  L  419 ;  green, 
liable  to  disease,  ii.  330;  efiect  of 
foreign  pollen  on,  L  430. 

GRAasBS,  seeds  of,  used  as  food  by 
savages,  L  324-326. 

Gray,  Asa,  superior  wild  varieties  of 
fruit-trees,  L  327 ;  cultivated  native 
planU  of  North  America,  L  329, 380 ; 
non-variation  of  weeds,  L  335 ;  sup- 
posed spontaneous  crossing  of  Cncnr- 
bitacese,  L  430;  pre-ordination  of 
variation,  ii.  428;  progeny  of  husked 
form  of  maixe,  i.  339;  wild  inter- 
mediate fonos  of  strawberries,  L  373. 

Gray,  G.  B.,  on  Ckdumbagynmoc^chu^  i. 
193. 

Gray,  J.  E.,  on  Sfis  pUdoeptt  i.  72 ;  on 
a  variety  of  the  gold-flsh,  L  313; 
hybrids  of  the  as*  and  xebra,  iL  16, 
17;  on  the  breeding  of  animals  at 
Knowsley,  iL  131;  on  the  breeding 
of  birds  in  captivity,  ii.  140. 

Greene,  J.  Reay,  on  the  development 
of  the  echlnodermata,  iL  362. 

Greewhow,  Mr.,  on  a  JVoadian  w«)»> 
footed  dog,  i.  41. 
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QlKemiro,  Mr.,  «i  perimoiU  m  Ahnmu 

ffrotMMiarim'Oy  li.  270. 
OBKoao.M,  Ut^  experimenU  ob  Akrmsat 

grotsuiariita,  n.  270. 
Oret,  Sir  OioORQBf  preMrrmtion  of  Mud- 

beariag  plant*  by  the  AattralUa  sa- 

ragM,  i.  327  ;  detaataiiion  of  inoast  bf 

AoatnilUiB  aaTagea,  ii.  103. 
ORKTHOUNDt,  aculptiirad  on  Egyptian 

moii^nenta,  and  in  the  Villa  of  Anto- 

ninna,  1.  17  ;  modern  breed  of^  L  43 ; 

croaaed  with  the  bulldog,  br  Lord 

Orfoxd,  ii.  73 ;  cloae  interbreeding  of, 

fi.   100;   co^>rdination  of  atructnre 

of,  due  to  aelectioB,   iu  206,  207 ; 

lulian,  ii.  212. 
ORKrNias,  inherited  at  oorrvaponding 

periods  of  life,  ii.  53. 
Grikvr,  Mr.,  on  earlj-floweringdahliaa, 

i.  394. 
Grioor,  Mr.,    acdimatiaation    of   the 

Scotch  fir,  ii.  300. 
Gk^xland,    hybrids  of   JEgUopt  and 

wheat,  ii.  88. 
Oroox-Napikr,  C.  O.,  OB  tha  webMf 

feet  of  the  otter-hound,  i.  41. 
Gitos,  on  Pnnj^enesis,  ii.  350. 
*•*  Grom  sooROfS  "  (pigeons),  i.  143. 
Grounivtumblrb,  Indian,  i.  157. 
Grousis,  fertility  of,  in  captirlty,  iL 

i:)9. 
Gnu  tmrntigrtsia^  ctMrea,  and  tndigome^ 

ii.  140. 
Gu AN A006,  selection  of,  ii.  192. 
GuANS,  general  fertility  of^  in  capllvtiy, 

ii.  139. 

GUKLDER-ROSB,  it  169. 
(iUKLDKRLAND  fowls,  i.  241. 

GciANA,  selection  of  dop  by  the  Indiaai 

of,  ii.  191. 
Guinea  fowl,  i.  310 ;  femli,  in  AscensioB 

and  Jamaica,  I  200,  ii.  7;  indilfer* 

•nee  of,  to  change  of  climate,  ii.  14.*!. 
GiTiNEA  pig,  i.467,  ii.  135. 
GiJLDKKST^DT,  on  the  jackal,  i.  25. 
Gull,  herri^,  breeding  in  confinement, 

ii.  141. 
Gulls,  general  sterility  of,  in  captivity, 

ii.  141. 
r?u/o,  stevility  of,  in  captirity,  it.  134. 
GVnthrr,   a.,  Ota    tufted  docks   and 

geeM,  i.  289;  on  the  legeneration  of 

lost  parts  in  batrachia,  ii.  358. 
GuBNKY,  Mr.,  owls  breeding  in  cap- 


tivity, IL137;  appeanineeof*black« 
aboBldered**  among  ordinary  pai- 
cocka,  L  306. 

Habit,  influence  ol^  in  aoiJim^tisatiott, 
it  302-305. 

HlCKEL,  on  fisdparoBS  reprodncticm,  ii 
357 ;  on  cells,  ii.  366 ;  on  the  double 
reproduction  of  medusae,  iL  379 ;  on 
inheritance,  ii.  391. 

HAOKua,  pecnliarities  of,  in  A>wls,  L 
266. 

Hair,  on  the  face,  inheritance  of,  in 
man,  i  449:  *|ieculiar  lock  o£^  in- 
beiited,  ihid. ;  growth  of,  under 
atimulaiion  of  skin,  ii.  319;  homo* 
logvns  rariation  of,  ii.  318 ;  develop- 
ment of,  in  the  brain,  ii.  386. 

^AiR  and  teeth,  oorrelatioB  of,  ii.  319- 
•  321. 

Hairy  family,  corresponding  period  of 
inheritance  in,  ii.  53. 

Half-castes,  character  of,  ii.  21. 

Half-lop  rabbits,  figured  and  described, 
L  111,112;  skull  of,  i.  124. 

IlalkehiB  IttKxoepkaluif  copulating  in 
captivity,  ii.  137. 

Hallasi,  Col.,  on  a  two-legged  race  of 
pigs,  i.  448. 

Hallet,  Major,  aelection  in  cereals,  i. 
184 ;  on  peiigree  wheat,  i.  332. 

Hamburqh  fowl,  i.  238,  274 ;  figured, 
L239. 

Hamilton,  wild  cattle  of,  i.  87. 

Hamilton,  l>r,,  on  the  assumption  of 
male  plnmage  by  the  hen  piieaaant, 
ii.26. 

Hamilton,  F.  Buchanan,  on  the  shad- 
dock, i.  355 ;  varieties  of  Indian  culti- 
vated plants,  ii.  243. 

Hancock,  Mr.,  sterility  of  tamed  birds, 
ii.  138,  140. 

HANDWRrriNO,  inheritance  of  pecu- 
liarities in,  i.  449. 

Hanm KB,  Sir  J.,  on  selection  of  flower- 
seeds,  ii.  188. 

Hansell,  Mr.,  inheritance  of  dark  yolks 
in  duck's  eegs,  i.  295. 

Habcoubt,  i.  v.,  on  the  Arab  boar- 
hound,  i.  18;  aversion  of  the  Amba 
to  dun-coloured  horses,  i.  58. 

Habdt,  Mr.,  efiect  of  excess  of  nourisK* 
ment  on  planta,  ii.  244. 

Hare,  hybrids  ot,  with  rabbit,  i.  iO^, 
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■Ifvllitj  of  the,  in  oonfis«iii«Btt  iL 
135;  preference  oi^  for  pnrticuUr 
plants,  ii.  218. 

Hark-up,  inheritance  of,  L  466. 

Uarlam,  Dr.,  on  hereditarj  diieMei,  L 
4ol. 

Hartman,  on  the  wild  ui,  L  65. 

HABVer,  Mr.,  monntrons  red  and  white 
African  ball,  i.  95. 

Uarvet,  Prof.,  singular  form  of  i^TOfuiii 
frigida^  L  389 ;  eSecU  of  cross-breed- 
ing on  the  female,  t  436 ;  monstroof 
saxifrage,  iL  150. 

Hasora  wheat,  i.  331. 

Hautbou  strawberry,  L  375. 

Hawker,  CoL,  on  call  or  decoj  ducks, 
i.296. 

Hawthorbi,  varieties  of,  i.  385, 387 ;  pj- 
ramidal,  i.  385 ;  pendvlons  hybridised, 
i.  461 ;  changes  of;  by  age,  L  387, 
413;  bod-Tariation  in  the,  i.  403; 
flower  bnds  of,  attacked  by  ball- 
finches,  iL  217. 

HAria,  Dr.,  character  of  Esqaimaaz 
dogs,  i.  22. 

Uaywood^  W.,  OB  the  feral  rabbits  of 
Porto  Santo,  L  117. 

Hazul,  purple-leared,  L  385,  419,  iL 
324. 

Head  of  wild  boar  and  Yorkshire  pig, 
figured,  L  75. 

Head  and  limbs,  correlated  Tariability 
of,  iL  315. 

Headache,  inheritance  of,  iL  55. 

Ueartbease,  L  391-393;  change  pro- 
duced in  the,  by  transplantation,  L 
413 ;  rerersion  in,  iL  4,  22  ;  effects  of 
selection  on,  ii.  184;  scorching  o^  iL 
214 ;  effects  of  seasonal  conditions  on 
the,  iL  263 ;  annual  rarieties  of  the, 
iL  205. 

Hrat,  effect  of,  upon  the  fleece  of  sheep^ 
L  102. 

Hebeb,  Bishop,  on  the  breeding  of  the 
rhinoceros  in  captivity,  iL  132. 

Hebrides,  cattle  of  the,  L  84 ;  pigeons 
of  the,  L  192. 

Heer,  0.,  on  the  plants  of  the  Swiss 
lake-dwellings,  L  326,  ii.  200,  422 ; 
on  the  cereals,  L  335-337;  on  the 
peas,  L  345 ;  on  the  vine  growing  in 
Italy  in  the  Bronse  age,  L  352. 

Heixanx,  potato-grafting,  L  422. 

i/tffix  hdM,  iL  270. 


IfemetvooUfiMfniga  and  JlarOf  interchaBg 
ing  by  bud-rarisiion,  L  412. 

HemlocIl,  yields  no  oonicine  in  SootlaDd, 
iL  264. 

Hemp,  differences  of,  in  rarious  parts  o! 
India,  iL  148 ;  climatal  difference  ic 
products  of,  ii.  264. 

Hkhpsbed,  effect  of;  upon  the  colour  of 
birds,  iL  269. 

Hermaphrodite  flowers,  occurrence  of, 
in  maize,  L  339. 

Hen,  assumption  of  male  characters  by 
the,  iL  26,  29 ;  derelopment  of  spurs 
in  the,  iL  310. 

**  HsMNiEfl^**  or  hen-like  male  fowls,  L 
264. 

Hebrt,  T.  a.,  a  variety  of  the  ash  pro- 
duced by  grafting,  L  418;  crossing 
of  species  of  Rhododendron  and  Ara'tU^ 
L431. 

Hehblow,  Prof.,  individual  variation  in 
wheat,  i.  332 ;  bud-variation  in  the 
Austrian  bramble  rose,  L  406  ;  partial 
reproduction  of  the  weeping  ash  by 
seed,  L  462. 

Hepatioa,  changed  by  transplantation, 
L  412. 

Herbert,  Dr.,  variations  of  Vio^a 
gramdifiortLf  L  392 ;  bud-variation  in 
camellias,  L  401 ;  seedlings  from 
reverted  Cytitut  odami,  L  414; 
crosses  of  Swedish  and  other  turnips, 
iL  71 ;  on  hollyhocks.  iL  185;  breed- 
ing of  hybrids,  iL  112;  self-impotence 
in  hybnd  hippeastruma,  iL  120, 121 ; 
hybrid  Ghdtolua,  ii.  121 ;  or  Zty^hyr- 
a$Uhe»  oemdidaf  iL  147;  fertility  of 
the  crocus,  iL  148 ;  on  oontabescence, 
iL  149;  hybrid  Mhododendron^  ii. 
253. 

Hebculaneum,  figure  of  a  pig  found 
in,  L  71. 

Heron,  Sir  R.,  appearance  of  ^  black* 
shouldered"  among  ordinary  pea^ 
cocks,  L  306, 307 ;  non*inheritanoe  of 
Monstrous  characters  by  gold-fish,  i. 
313;  crossing  of  white  and  ooloujed 
Angora  rabbits,  ii.  70;  crosses  01 
solid-hoofed  pigs,  Und. 

fferpegteB  fa$oia  m  and  grianu^  iL  134. 

Heubinoer,  on  the  sheep  of  the  Tareo- 
tino,  iL  212;  on  correlated  constitAi 
tionid  pecaliarities,  ii.  331. 

Hewitt,  Mr.,  reversion  in  bantam  cooks, 
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L  251 ;  dofCKsritioB  «f  lilk  fowls,  i. 
265;  partial  ■terilitjr  of  hen-Hke 
male  rowla,  i.  265;  prodaction  of 
tiiiltd  chickeot  hr  mmplen  fowls,  i. 
271;  oo  tamiog  and  rmring  wild 
dacks,  L  292,  ii.  219, 250 ;  conditions 
of  inhcriUnc«  in  laoed  Sebright  ban- 
tams, i.  46'>;  rerersion  in  rumplest 
towli,  ii.  4;  reversion  in  fowls  hj 
ifo,  iL  13 ;  hybrids  of  pheasant  and 
fowl,  iL  19,  43;  assumption  of  male 
fiharncters  hj  female  pheasants,  iL 
26 ;  doTelopment  of  latent  characters 
in  a  barren  bantam  hen,  iL  29; 
mongrels  from  the  silk-fowl,  ii.  42 ; 
effects  of  close  inter-breedinff  on  fowls, 
iL  105,  106;  on  feather-legged 
bantams,  iL  314. 

HiBBKST,  Mr.,  on  the  pigs  of  the  Shet- 
land Islands,  L  74. 

Hibiscus.    8m  Paritimm, 

HIOHLA2ID  cattle,  descended  from  Bin 
UmjifroMy  L  85. 

HiLDBBRAND,  Dr.,  OD  gTaft-hrbrids 
with  the  potato,  L  420;  on  ttie  in* 
flaenoe  of  pollen  on  the  mother-plant, 
L  430 ;  on  the  fertilisation  of  OrMloa^ 
i.  434, 435 ;  occasional  necessary  cross* 
ing  of  plants,  iL  68;  on  seeds  not 
fitted  for  distribation,  L  330 ;  potato- 
gnfting,  L  420 ;  crossing  of  varieties, 
ii.  8) ;  on  Primula  tmensis and  OxaUt 
rotea^  iL  113;  on  Coti/daUi  cava,  iL 
113,114. 

HiLU  R.,  on  the  Aloo,  L  32;  feral 
rabbits  in  Jamaica,  L  116;  feral  pea- 
cocks in  Jamaica,  i.  2i)0 ;  Tariation  of 
the  Guinea  fowl  in  Jamaica,  L  310; 
sterility  of  tamed  birds  in  Jamaica, 
ii.  138,  140. 

HiMALATA,  range  of  gallinaoeoos  birds 
in  the,  L  249. 

HiMALATAif  rabbit,  L  112,  113-115; 
skull  of,  i.  125. 

Himalayan  sheep,  L  98. 

HiNDUARSi'i,  Mr.,  on  Chillingham  cattle, 
i.  88 

"  Hinkel-Taubb,"  L  149, 150. 

HiNNY  and  male,  ditTerence  of,  iL  43. 

Hifparion,  anomalous  resemblance  to,  in 
horses,  i.  52. 

Mippeastnun,  hybrids  of,  iL  120,  121. 

HlVB-BKls%  ancient  domesticatioo  of,  i. 
313 1  breeds  of,  L  3l4  ;  smaller  when 


produced  in  old  combs,  ibid. ;  rai 
bility  in,  L  315 ;  crossing  of  Ligurian 
and  common,  i'/^ 

HoBBS,  FuHER,  OB  interbrssdiBg  pigs,  ii, 
100. 

•*  Hockeb-Taubb,"  L  148. 

HODOKIX,  Dr.,  on  the  attraction  of  foxes 
by  a  female  Dingo,  i.  32 ;  origin  of 
the  Newfoundland  dog,  L  44;  trans- 
mission of  a  peculiar  lock  of  hair,  L 
449. 

HODOBOX,  Mr.,  domestication  of  Osa/s 
primcnws,  i.  27;  derelopment  of  a 
Hfth  digit  in  Thibet  mastifls,  L  37 ; 
number  of  ribs  in  humped  cattle,  i. 
83;  on  the  sheep  of  the  Himalaya, 
L  98 ;  presence  of  four  mammie  in 
sheep,  L  99;  arched  noee  in  sheep, 
9>id. ;  measurements  of  the  intestines 
of  goats,  L  106;  presence  of  inter- 
digital  pits  in  goats,  ibid. ;  disuse  a 
cause  of  drooping  ears,  iL  291. 

Hofackeb,  persistency  of  colour  in 
horMs,  L  53,  L  464 ;  production  of 
dun  horses  from  parents  of  different 
colours,  L  62 ;  inheritance  of  peculi- 
arities in  handwriting,  i.  450 ;  heredity 
in  a  one  homed  stag,  L  456 ;  on 
consanguineous  marriages,  iL  103. 

Hoffman,  Prof.,  on  Bapkauu,  L  345. 

Hoo,  Red  Rirer,  ii.  133. 

Hoqo,  Mr.,  retardation  of  breeding  ia 
rows  by  hard  living,  ii.  90. 

Holland,  Sir  H.,  necessity  of  in- 
heritance, L  446;  on  hereditary 
diseases,  i  451 ;  hereditary  pecu- 
liarity in  the  eyelid,  L  452 ;  morbid 
uniformity  in  the  same  family,  L  459  ; 
transmission  of  hydrocele  through 
the  female,  iL  27 ;  inheritance  of 
habits  and  tricks,  ii.  389. 

Holly,  varieties  of  the,  i.  384,  385; 
bud-reven>ion  in,  L  409 ;  yellow- 
berried,  L  462,  iL  216. 

Hollyhock,  bud-varLition  in,  L  402; 
non-crossing  of  doub'e  varieties  o^ 
ii.  85  ;  tender  variety  of  the,  u. 
301. 

Homer,  notice  of  fsese,  i.  302 ;  breed* 
ing  of  the  horses  of  ^ne<i8,  :L  186. 

Homologous  parts,  correlated  varin- 
bility  of,  iL  314-325,  346,347, 
fusion  of,  ii.  833;  affinitf  n(  & 
S  13,  ;W4. 
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Hoom,  correlated  with  h«ir  in  raro- 
tion,  ii.  318. 

Hook-Billed  duck,  skull  figured,  L 
2»7. 

Hooker,  I>r.  J.  P.,  forked  ekonlder- 
stripe  in  Sjrian  aaMS,  i.  67 ;  Toice  of 
the  cock  in  Sikkim,  i.  272 ;  uie  ef  ' 
Arum-roots  as  food,  L  324;  naiiTe 
useful  plants  of  Australia,  i.  328; 
wild  walnut  of  the  Himalayas,  L 
379;  rariety  of  the  plane<^ree,  u 
386;  production  of  3%uja  wienialit 
from  seeds  of  T.  pendula,  ibid,} 
singular  form  of  B^u<mia  frigida,  i. 
389;  refersion  in  plants  run  wikl, 
ii.  7 ;  on  the  sugar-eane,  ii.  153 ;  on 
Arctic  plants,  ii.  244;  m  the  oak 
grown  at  the  Gspe  of  Qm\  Hope,  ii. 
264;  on  Jihododendrrm  cUiat'm^  ii. 
267 ;  stock  and  mignonette  perennial 
in  Tasmania,  li.  295. 

HOPKIRK,  Mr.,  bud-rariation  in  the 
rose,  i.  406 ;  in  MirabUis  jahpa,  i. 
407  ;  m  Convoteu'ua  tricolor^  i.  440. 

Hornbeam,  heterophyllous,  i.  385. 

HoRHED  fowl,  i.  241 ;  skull  figured,  L 
279. 

HoRNLEBB  cattle  in  Paraguay,  i.  92. 

HORSS  of  sheep,  i.  98 ;  correlation  of, 
with  fleece  in  sheep,  ii.  318 ;  corre- 
lation of,  with  the  skull,  ii.  327; 
rudimentary  in  young  polled  cattle, 
ii.  306  ;  of  goats,  i.  106. 

HcRSRg,  in  Swiss  lake-dwellings,  i.  51 ; 
different  breeds  of,  in  Malay  Archi- 
pelago, ihid. ;  anomalies  in  osteology 
and  dentition  of,  i.  52;  mutual 
fertility  of  diflfersnt  breeds,  i.  53 ; 
feral,  i.  54;  habit  of  scraping  away 
snow,  i.  56;  mode  of  production  of 
breeds  of,  i.  57;  inheritance  ari 
dirersity  of  colour  in,  i.  58;  dark 
stripes  in,  i.  58-63,  ii.  343;  dun- 
coloured,  origin  of.  i.  61 ;  colours  of 
feral,  L  63,  64;  effect  of  focundation 
by  a  quagga  on  the  subsequent  pro- 
geny of,  i.  435 ;  inheritance  of  pecu- 
liarities in,  i.  454, 456 ;  polydaetylism 
in,  i.  459 ;  inheritance  of  colour  in, 
L  465;  inheritance  of  exostoses  in 
legs  ot  i.  469;  rerenion  in,  ii.  6, 
15;  hybrids  of,  with  ass  and  sebra, 
ii.  16 ;  prepotency  of  transmission  in 
the  sexes  of,  ii.  40 ;  segregation  of, 


in  Paraguay,  ii.  80;  wild  spedes  oi, 
breeding  in  captirity,  ii.  132 ;  curly, 
in  Paraguay,  it  189,  318;  selection 
ni,  for  trifling  characters,  ii.  195; 
unconscious  selection  of,  it.  197, 198  ; 
natniml  selection  in  Cireassia,  ii.  210 ; 
alteration  of  coat  of,  in  coal-mine*, 
ii.  268 ;  degeneration  of,  in  the  Falk- 
land Islands,  ii.  267;  diseases  of, 
caused  by  shoeing,  ii.  290;  feeding 
on  meat,  iL  294 ;  white  and  white- 
spotted,  poisoned  by  mildewed  retches, 
ii.  331 ;  analogous  rariations  in  the 
colour  of,  ii.  341 ;  teeth  developed  on 
palate  of,  ii.  385 ;  of  Bronze  period 
in  Denmark,  ii.  423. 

HORSE-CHEflrrxuT,  early,  at  the  Tuileries, 
i.  386 ;  tendency  to  doubleness  in,  ii. 
152. 

HoRHE-RAMni,  general  sterility  of  the, 
ii.  154. 

^'HoUDAN,"  a  French  sub-breed  of 
fowls,  i.  241. 

Howard,  C,  on  an  Egyptian  monument, 
i.   17 ;    on  crossing    sheep,    ii    73 
99. 

Hue,  on  the  Emperor  Kbang-hi,  ii. 
189 ;  Chinese  rarieties  of  the  bam- 
boo,  ii.  243. 

HUMDOLDT,  A.,  character  of  the  Zani« 
bos,  ii.  21 ;  parmt  speaking  in  the 
language  of  an  extinct  tribe,  ii,  138: 
on  J^ulex  penetrans,  ii.  265. 

HuMiDrrir,  injurious  effect  of^  upon 
horMS,  i.  55. 

Humphreys^  Col.,  on  Ancon  sheep,  l 
104. 

Hungarian  cattle,  i.  84. 

Hunter,  John,  period  of  gestation  in 
the  dog,  i.  30 ;  on  secondary  sexual 
characters,  i.  188;  fertile  crossing 
of  Anter  ferua  and  the  domestic 
goose,  i.  803;  inheritance  of  pecu- 
liarities in  gestures,  voice,  &c.,  i.  450 ; 
assumption  of  male  characters  by 
the  human  female,  ii.  26 ;  period  of 
appearance  of  hereditary  diseases,  ii 
54 ;  graft  of  the  spur  of  a  cock  upon 
its  comb,  ii.  286 ;  on  the  stomach  of 
Lanu  tridnUatus^  ii.  292. 

Hunter,  W.,  evidence  against  the  in- 
fluence of  imagination  upon  the 
offspring,  ii.  251. 

Hum,  Mr.,eio««  interbreeding  of  rabUls 
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ii.   tOO;  ODMnaguiiiMiii  muriaga, 

loe. 

IIUTToaf,  Oipt.,  on  the  rariability  of 
th«  silk  moth,  L  320 ;  on  the  namber 
of  species  of  siikwomis,  i.  316; 
niarkings  of  sUkworms,  i.  318;  do- 
mesticntion  of  the  rock-pigeon  in 
India,  L  194;  domesticntaon  and 
crossing  of  GaUus  kmib'ra,  L  248; 
rerersion  in  goats  from  a  cross,  ii 
19. 

Hdtohijiioh,  CoI^  liability  of  dogs  to 
distemper,  L  37. 

Hdxlkt,  Prof.,  on  the  transmission  of 
poljrdHctylism,  i.  457 ;  on  unoonsdoos 
selection,  iL  178;  on  correlation  in 
the  mollnsca,  ii.  312 ;  on  gemmation 
and  fission,  iL  351 ;  doTelopment  of 
star-fishes,  ii.  362. 

Hr AOiNTHt,  L  394-396 ;  bod  variation 
in,  i.  411;  graft-hybrid  by  union  of 
half  bulbs  uf,  i.  419 ;  white,  repro- 
duced by  seed,  t.  463 ;  red,  ii.  215, 
330;  Tarieties  o^  recognisable  by 
the  bulb,  ii.  238. 

Hyacinth,  feather,  ii.  169,  306 

J{3faoaUhu$  wrieiUatU,  i.  394. 

Hybitau  tyriaaUy  iL  277. 

HrisuM,  of  hare  and  rabbit,  L  109; 
of  various  species  of  Gailvs^  L  245- 
248 ;  of  almond,  peach,  and  nectarine, 
i.  359 ;  naturally  produced,  of  spedes 
of  CytiiUMj  L  413  ;  from  twin-seed  of 
Fuchsia  ooecimea  and  fuLjenSj  i.  426 ; 
revendon  oC,  L  425,  426,  iL  9, 22-24 ; 
from  mare,  ass,  and  sebra,  iL  16 ;  of 
tame  animals,  wilduess  of,  ii.  19,  20; 
female  instincts  of  sterile  male,  iL 
27 ;  transmission  and  blending  of 
characters  in,  ii.  69-73 ;  breed  better 
with  parent  species  than  with  each 
other,  iL  112;  self-impotence  in,  iL 
119-121;  readily  produced  in  cap- 
tivity, ii.  133. 

Htiibidisation,  singular  effects  of,  in 
oranges,  L  357 ;  of  clierries,  L  369 ; 
difficulty  of;  in  CuourOita,  I  381; 
of  ruses,  L  390. 

UrBBiDisic,  iL  162-165;  the  cause  of 
a  tendency  to  double  flowers,  iL  156 ; 
in  relation  to  Pangenesis,  iL  381. 

HrBBiDiTY  in  cats,  L  46,  47  ;  supposed, 
of  peach  and  nectarine,  L  363. 

ir^vlra,  L  398,  ii  283,352. 


HvDRAHOEA,  colour  of  flowers  of,  i» 

fiuenced  by  alum,  ii.  267* 
HroBOCKLB,  ii.  27. 
HiroROCEPUALua,  iL  285. 
Ifyperiaun  oo/ycumm,  iL  154^ 
Hyptricmm  crupum^  iL  212,  331. 

HrPKRMETAMOBPHOSia,  iL  363. 

HrPBBMifrBOPiA,  hereditary,  L  452. 

fcHTRTOFTEBTOIA,  Bumbor  of  digits 
in  the,  iL  16. 

Ikx  aqm/oUmm,  L  462. 

Imaoutation,  supposed  efiect  of,  on 
oflspring,  iL  251. 

Imatiupl^Uum  muuaUum^  bud-variation 
in,  L  411. 

Imoest,  abhorred  by  savages,  ii.  103. 

Ihgubation,  by  crossed  fowls  of  noo- 
sitttttg  varieties,  ii.  18. 

iVDlA,  striped  horses  of,  L  61 ;  pigs  of, 
i.  69,  80 ;  breeding  of  rabbits  in,  L 
116;  cultivation  of  pigeons  in,  L 
215. 

Individual  variability  in  pigeons,  L 
166-168. 

Imgledew,  Mr.,  cultivation  of  Euro- 
pean vegetables  in  India,  iL  153. 

<<Indi8CHB  Taube,"  L  151. 

iKiiKBTTAMCE,  L  445-473,  ii.  366^69, 
396;  doubts  entertained  of^  by 
some  writers,  L  446 ;  importance  of, 
to  breeders,  L  446, 447  ;  evidence  of, 
derived  from  statistics  of  chances,  i. 
449 ;  of  peculiarities  in  man,  L  449~ 
451, 457-460 ;  of  disease,  L  451, 45*2, 
460 ;  of  peculiarities  in  the  eye,  L  452- 
454;  of  deviations  from  symmetry, 
L  457  ;  of  polydactylism,  L  457-460  ; 
capriciousness  of,  i.  460-465 ;  of  routi* 
lations,  L  466 ;  of  ooagenital  monstro- 
sities, ibid.;  causes  of  i^senoe  of^  L  467- 
472 ;  by  reversion  or  atavism,  iL  l-> 
36 ;  its  connection  with  fi7<)dnes8  of 
character,  iL  37^9 ;  affected  by  pre- 
potency of  transmission  of  chancter, 
ii.  40-47 ;  limited  by  sex,  iL  47-51  ^  at 
eoiresponding  periods  of  life,  iL  wl?» 
57 ;  summary  of  the  subject  oi,  iL  57— 
61 ;  laws  of,  the  same  in  seminal  ami 
bud  varieties,  i.  442 ;  of  characters 
in  the  horse,  L  53 ;  in  cattle,  i.  90 ; 
in  rabbits,  L  111 ;  in  the  peach,  L  360; 
in  the  nectarine,  9M.;  in  plums,  L 
368;   in   apples,  L  372;   in 
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Mi ;  in  the  pansj.  L  893 ;  of  pri- 
OMiy  cliancten  of  Cohmba  liria  in 
croflsod  pigeons,  i.  211;  of  pecn- 
tiaritiesof  plamage  in  pigeons,  L  169, 
170;  of  peculiarities  of  Ibliege  in 
trees,  L  885 ;  eilects  o(,  in  Tarieties 
of  the  cabbage,  i.  344. 

Iksanitt,  inheritance  of,  i.  451,  ii. 
55. 

iKStXTTS,  regeneration  of  lost  parts  in,  i. 
358,  ii.  284 ;  agency  of,  in  fecundation 
of  larlcspurs,  i.  464 ;  effect  of  changed 
conditions  upon,  iL  141 ;  sterile 
neuter,  ii.  171;  monstrosities  in,  iL 
257,  385 

iMmNOTB,  defective,  of  silkworms,  L 
320. 

Imtebbkeedino,  close,  ill  effects  o^  ii. 
92-111,  159. 

bTTERCBOSBiKO,  of  species,  as  a  cause  of 
Tariation,  i.  197;  natural,  of  plants, 
L  356;  of  specien  of  Ganidc  and 
breeds  of  dogs,  i.  32-34 ;  of  domestic 
and  wild  cats,  i.  46,  47  ;  of  breeds  of 
pigs,  i.  74,  81 ;  of  cattle,  i.  86;  of 
rarieties  of  cabbage,  i.  343 ;  of  poas, 
i.  345,  348,  349 ;  of  Tarieties  of 
orange,  i.  357 ;  of  species  of  straw- 
berries, i.  873«  374;  of  Cucurlhitt,  i. 
380,  381 ;  of  flowering  plants,  i.  388 ; 
of  pensios,  i.  392. 

INTERDIOITAL  pits,  in  gOSts,  1.  106. 

Intermarriaohb,  close,  ii.  102,  103. 

iKTtrsTiNts,  elongation  of,  in  pigs,  i. 
77;  relative  niea»urement  of  parts 
of,  in  goats,  i.  106 ;  effects  of  changed 
diet  on,  ii.  292. 

Tpomaxi  purpurea,  ii.  108. 

Ibeland,  remains  of  JJct  fromionu  and 
kmgtfrons  found  in,  i.  85. 

Irjs,  hereditary  abi«noe  of  the,  i.  454 ; 
hereditary  peculiarities  of  colour  of 
the,  ifwi. ;  variation  of,  L  412. 

Iris  xiphiuin,  i.  412. 

Irish,  ancient,  selection  practised  by 
the,  ii.  187. 

Iron  period,  in  Europe,  dog  of,  1. 18. 

ISLAXM,  oceanic,  scarcity  of  useful 
plants  on,  L  328. 

ISLAir,  pigeons  o^  i.  193. 

Isolation,  effect  of,  in  favour  of  selec- 
tion, ii.  219,  220. 

hALT,  vine-growing  in,  during  the 
Bronse  period,  L  352. 


Ivr,  sterility  o£^  in  Um  north  of  Europe, 
iL154. 

Jack,  Mr.,  effect  of  foreign  pollen  on 
grapes,  i.  430. 

Jackau  L  25,  28,  31 ;  hybrids  of,  with 
the  dog,  i.  33 ;  prepotency  of,  over 
th^  dog,  ii.  43. 

Jacksobi,  Mr.,  whito-footed  cats,  ii. 
316. 

Jaoobih  pigeon,  i.  161,  218. 

Jaoquehgt-Boxmeiort,  on  the  mul- 
berry, i.  354. 

Jabqeb,  Prof.,  on  reversion  in  pigs, 
from  a  cross,  ii.  17;  white  pigeons 
killed  by  hawks,  ii.  215. 

Jaguar,  with  crooked  legs,  i.  17. 

Jamaica,  feral  dogs  of,  i.  28;  ffral 
pigs  oi;  L  80;  feral  rabbits  of,  i.  1 16. 

Jamooh,  Mr^  on  hybrid  potatoes,  i. 
421. 

Japan,  horses  o<^  L  56. 

Japanebk  pig  (figured),  i.  72. 

Jabdine,  Sir  W.,  crossing  of  domestic 
and  wild  cats,  i.  46. 

Jabveb,  J.,  silkworm  in  the  Sandwich 
Itflands,  i.  318. 

Java,  fantail  pigeon  in,  i.  155. 

Javanese  p«mie8,  i.  56,  61. 

Jeitteleb,  history  of  the  dog,  i.  15 ; 
history  of  the  fowl,  i.  258;  Hun- 
garian sheep-dogs,  L  24;  crossing  of 
domestic  and  wild  cats,  i.  46. 

Jemmy  Button,  i.  326. 

jEvrNS,  L.,  whiteness  of  ganders,  i. 
303;  sunfish-like  variety  of  the 
goldfish,  L  313. 

Jeroon,  J.  C,  number  of  eggs  laid  by 
the  pea-hen,  ii.  191 ;  origin  ol 
domestic  fowl,  i.  248. 

Jebsey,  aborescent  cabbages  of,  L  341. 

Jemaminb,  L  418. 

Jebbb,  G.  R.,  on  the  bulldog,  i.  44. 

John,  King,  importation  of  stallions 
from  FUnders  by,  ii.  187. 

Johnson,  D.,  occurrence  of  stripes  on 
young  wild  pigs  in  India,  i.  80. 

Jordan,  A.,  on  Vibert's  ei|)eriments  on 
the  vine,  L  352;  origin  of  varieties 
of  the  apple,  u  372;  varieties  ol 
pean  fuund  wild  in  weeds,  it.  847, 

JouRpAN,  parthenogenesis  in  the  silk* 

moth,  iu  3;»7. 
Juan  de  Nova,  wild  dogs  on,  i.  27* 
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llXAM  fWKKMMDKE,  domb  dofl  OB,  L  27. 

Jmglatu  regia,  i.  379. 

JOKEB,  Prot,  origin  of  the  Kewfoan^- 

Und  dog,  i.  44w 
JUUEH,  Stanitiu,  early  domeNticmtioii 

of  pig*  in  China,  i.  71 ;  antiquity  of 

the  domestication  of  the  liikworm  ia 

China,  L  316. 
JtlMPfiBS,  n  breed  of  fowla,  L  241. 
JUKIPEB,  Tariationa  of  the,  i.  385,  387. 
JuniperuB  MMcica,  i.  385. 
Ju$siiBa  grandifiorOf  IL  154. 
JimiEU,  A.  de,  btructnre  of  the  piqtpai 

in  Cartkaamuy  iL  807. 

Kail,  Scotch,  rereraion  in,  iL  5. 

Kales,  L  341. 

*'  Kau-pau  "  pigeon,  i.  149. 

Kalm,  p.,  on  mnize,  i.  340,  iL  298;  in- 
troduction of  wheat  into  Canada,  L 
333*;  ■terility  of  tree*  growing  u 
marshea  nnd  denae  wooda,  ii.  154. 

"Kauci  Lotan"  tumbler  pigeon,  i. 
157. 

Kanb,  Dr.,  on  l^nimaux  doga,  L  22. 

Kakakool  sheep^  L  102. 

Karkeek,  on  inheritance  in  the  horae, 
i.  455. 

•*  Karmeliteh  Taube,"  i.  164. 

Karsten  on  Putex  pmetranM^  ii.  265. 

Kattywar  homes,  L  61. 

Keeley,  R.,  pelori^m  in  Gakobdohm 
iuteuaij  ii.  33. 

Kerner,  on  the  coltnre  of  Alpine 
l.-lanta,  iL  147;  definite  action  of 
conditions,  iL  271. 

Kestrel,  breeding  in  captivity,  iL  137. 

*'  KHANDEfU,"  i.  147. 

Kuano-ui,  selection  of  a  rariety  of  rice 

by,  iL  189. 
KuNG,  ii.  17. 

KiDD,  on  the  canary-bird,  i.  311,  iL  53. 
Kidney  bean,  L  S96 ;  varieties  of,  ii. 

243,  265. 
Kidneys,    compensatory   development 

of  the,  ii.  290;    shape  of,  in  birds 

influenced  by  the  form  of  tlie  pelvis, 

iL  336. 
KiHO,  Col.,  domestication  of  roek  doves 

from  the  Orkneys,  L  193,  194. 
Kme,  Dr.,  on  Faritium,  L  402. 
Kino,  P.  P.,  on  the  dingo,  i.  21,  28. 
KiRBY  and  Spence,  on  the  growth  of 

galls,  iL  273. 


KmaaisiAH  sheep,  L  103. 

Kite,  breeding  in  captivity,  U.  tST. 

Klbishs,  variability  of  boM,  L  314. 

Knioiit,  Ahdecw,  on  crossing  hones  el 
different  breeds,  i.  53 ;  croering  vmri^ 
ties  of  peas,  i.  845,  iL  110;  per»is- 
tency  of  rarieties  of  peas,  L  SHS; 
origin  of  the  peach,  L  357 ;  kybrtdi* 
sation  of  the  morello  by  the  KIton 
cherry,  L  368 ;  <m  seedling  cherries, 
L  369;  variety  of  the  apple  not 
nttaclccd  by  coccus,  L  371 ;  intercro6»- 
ing  of  strawberries,  L  373, 374 ;  broad 
variety  of  the  cock's-comb,  L  389; 
bud  variation  in  the  cherry  and 
plum,  L  899 ;  crossing  of  white  and 
purple  grapes,  i.  419;  exi>eriroeuts 
in  crossing  apples,  L  433,  ii.  110; 
hereditary  disease  in  plants,  i.  465 ; 
on  interlMreeding,  iL  95;  erosse^l 
varieties  of  wheat,  iL  110;  necessity 
of  intercraa»ing  in  plants,  ii.  159; 
OB  variation,  ii.  243,  244;  effectjt  of 
grafting,  i.  413,  ii.  267 ;  bud-vnria- 
tion  in  a  plum,  iL  281;  correlated 
variation  of  head  and  limbs,  315. 

Knox,  Mr.,  breeding  of  the  eagle  owl 
in  captivity,  iL  137. 

Kocii,  degeneracy  in  the  turnip,  i. 
o44. 

KoilLRAlU,  i.  342. 

KoLREUTKR,  reversion  in  hybrids,  L 
425,  iL  9;  acquired  sterility  of 
crossed  varieties  of  plants,  L  381, 
ii.  79;  absorption  of  JiirabUit  rui- 
fffiris  by  M,  hngiJlorOf  iL  65  ;  ciosses 
of  species  of  Verbamxun,  ii.  71,  85  ; 
on  the  hollyhock,  ii.  85;  crossing 
rarieties  of  tobaoco,  ii.  87 ;  benefits 
of  crossing  plants,  iL  110,  111,  159, 
160;  sell-impotence  in  Verbascnm,  i. 
118,  122;  eflecU  of  conditions  of 
growth  upon  fertility  in  MirahUiB^  ii. 
147 ;  great  development  of  tubecs 
in  hylirid  plants,  iL  156;  inheritance 
of  plasticity,  iL  227;  variability  of 
hybrids  of  Mirabilia,  iL  253;  repented 
crossing  a  cause  of  variation,  iL  254, 
256 ;  number  of  pollen-grains  neces* 
sary  fur  fertilisation,  iL  356. 

^  Kracseschwein,"  i.  70. 

Krohn,  on  the  double  reprodvetioB  of 
Meduss,  ii.  379. 

"  Kroff-Taubem,"  L  143. 
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luMAV,  OB  th*  ^iiskfl  of  fef  al  boMn  in 

tJie  WMt  Tfidiea,  i.  180 ;  on  French 

whtnt  grown  in  the  West  ladies,  ii. 

297 ;  on  the  cultare  of  tho  vine  in 

the  West  Indies,  ii.  298. 
Laburxctm,  Adam's,  me  Cytkti  adami; 

oak'leflTed,  roTersion  of,  L  408 ;  pelo- 

rtsm  in  the,  iL  338;  Waterer's,  i.  416. 
Lacumakic,  on  gemmatioB  and  fiMion, 

u.  351. 
Laclmomthn  trndoria,  ii  212,  330. 
Lactatioh,   imperfect,    hereditarr,  i. 

452;    deficient,  of  wild  animaLi  in 

captiritf,  iL  142. 
LADBO!ce  Islands,  cattle  ol^  i.  89. 
1a  Oasca,  Firof.,  indiTidnal  Taiiation  in 

wheat,  i.  332. 
Laixo,  Mr.,  resemblanoe  of  Korw^an 

and  Derontfhire  cattle,  i.  85. 
LAK£-DWELUHae,  sheep  of^  i.  98,  ii. 

423;    cattle  of,    ibid,;   absence    of 

the  fowl  in,  L  258;  cultivated  planU 

of,  i.  337,  ii.  423,  424;  cereals  of,  i. 

335-337;    peas    found    in,  i.   345; 

beans  found  in,  i.  340. 
Lam ARE-PIQVOT,  observations  on  h»lf- 

bred  North  American  wolves,  i.  22. 
Lavbckt,  a.  B.,  on  Thuja  pendula  or 

fiiformiB,  I  386. 
TjkMDERT  family,  i.  448,  iL  53. 
Lanbcbtite,  on  strawberries,  i.   373, 

374 ;  live-leaved  variety  of  Fragiaria 

oollina,  L  375. 
Landt,   L.,  on    sheep    in    the    Faroe 

Itfland»,  iL  81. 
Lankester,  Kay,  on  longevity,  h.  376. 
La  Plata,  wild  dogs  of,  L  28;  feral 

cat  from,  i.  49. 
Larch,  iL  301. 
Larkspurs,  insect  agemnr  neces-jirT  for 

the  full  fecundation  m,  t.  464. 
Larus  argentatutf  iL  141,  292. 
Lartu  iridadylmi,  iL  292. 
Latc-crve,  merino  slieep  in  differmt 

countries,  L  103. 
Latent  characters,  iL  25-31. 
Latham,  on  tho  fowl  not  breeding  in 

the  extrese  sorth,  ii.  144. 
Lath,ru8j  ii.  11. 
jMthtjrtu  aphaoa,  ii.  335. 
Lathyna  odorvhu,  L  426, 463,  iL  68, 71, 

302. 
La  Toctcb^  J.  D.,  on  a  Canadian  apple 

with  dimidiate  fruit,  L  425,  426. 


"Latz-Taubb,»L162. 

IjlUOHEB  pigeon,  L  163,  217. 

J.aunu  mutafratj  ii.  264. 

Lawresce,  J.,  production  of  a  new 
breed  of  foihoundjt,  i.  42  ;  occurrence 
of  canines  in  mares,  i.  52 ;  on  three- 
parts-bred  horses,  i.  57 ;  on  inheri- 
tance  in  the  horse,  i.  454, 455. 

Lawson,  Mr.,  varieties  of  the  potato,  L 
350. 

Lazton,  Mr.,  bud-variation  in  the 
gooseberry,  L  400;  crossing  of 
varieties  of  the  ))ea,  L  428,  429; 
weakness  of  transmission  in  peas,  iL 
42  ;  double-flowered  peas,  iL  152. 

LAYAR0,  E.  L.,  resemblance  of  a  Caffre 
dog  to  the  lijiquimaux  breed,  i.  20,  ii. 
276 ;  crossing  of  the  domestic  cat 
with  Feli9  ca/ro,  L  46 ;  feral  pigeons 
in  Ascension,  i.  £00 ;  domestic  pigeous 
of  Ceylon,  L  215;  on  Oalius  ttanleiji, 
i.  246;  on  black-skinned  Ceylone») 
fowls,  i.  269. 

Le  Compte  family,  blindness  inherited 

•  ■  ■         am    M 

in,  II.  54. 

Leooq,  liud-variation  in  MircbUiajaSapa^ 
L  407 ;  hybrids  of  MirabUi*,  L  426, 
ii.  153,  253;  crossing  in  plants,  ii. 
1 08 ;  fecundat  ion  of  FasBiflorOy  ii.  1 1 8 ; 
hybrid  Gladhim,  ii.  121 ;  sUrility  of 
LoHuncuiM  jicarkL,  ii.  154 ;  villosity  in 
plants  "•  -07 ;  double  asters,  ii.  307. 

Le  Couteur,  J.,  varieties  of  wheat,  i. 
331-;i34;  acclimatisation  of  exotic 
wheat  in  Europe,  i.  333 ;  adaptation 
of  wheat  to  soil  and  climate,  ibid. ; 
selection  of  seed-corn,  L  335 ;  evil  from 
inter-breeding,  ii.  101 ;  on  change  of 
soil,  ii.  129;  selection  of  wheat,  iL 
184 ;  natural  selection  in  wheat,  iu 

^218;  cattle  of  Jersev,  ii.  220. 

Ledger,  Mr.,  on  the  llama  and  alpaca, 
iL  193. 

Lee,  Mr.,  his  early  culture  of  the  pansy, 
L  391. 

Ltfer$ia  ort/xoidesj  iL  69. 

Lefoub,  period  of  gestation  in  cattle,  L 
90. 

Leoraih,  falsified  experiments  of,  ii.100. 

Legs,  of  fowls,  efiects  of  disuse  on,  i. 
284-287;  characters  and  variations 
of,  in  ducks,  ii.  299-302. 

Lbquat,  cattle  of  the  Capa  of  Good 
Ho|)e,  L  91. 
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Leiimann,  occorrsBoe  of  wild  dotiUe- 

flowe:^  ol%iiU  near  a  hot  apriBg,  li. 

152. 
LEiOHTQir,    W.  A.,   propagation  of  a 

weeping  jtw  by  teed,  L  461. 
Leitxer,  effect*  of  remoTal  of  antKers, 

ii.  151. 
LijiMiNa,  IL  135. 
Lemoimb,  Tariegated  8jfmpht/tum  and 

Phloj6,  i.  410. 
Lkmoh,  L  355, 856 ;  orange  fecnadated 

by  pollen  of  the,  i.  430. 
Lemubs,  hybrid,  ii.  136. 
Leporides,  ii.  135. 
Lki'SIL'S,  figures  of  ancient  Egyptian 

dogs,  i.  IV ;  domestication  of  pigeons 

in  aneient  i^gypt,  214. 
Lepus  g/adaiiSt  i.  1 16. 
Lejmi  mageUanicMt,  i.  117t 
J.epus  Hi}fripe$t  i.  113. 
Lepua  tSK'toHUS,  L  116. 
Lepvi»  variaifiiiM,  i.  1 15. 
Leredoullet,  doable  monsters  of  fishes, 

ii.  333. 
LiauE,  on  Scotch  wild  cattle,  i.  88. 
Lessona,  on  rt-growth,    ii.   358;    on 

Lepus  tnagellanicusy  i.  117. 
Letudridge,  previous  impregnation,  L 

435. 
Leuckart,  on  the  larva  of  Cocidomyido, 

ii.  H53. 
Lewi-::b,  G.  H.,  on  Psngenesis,  ii.  350. 
Lewis,  Q.,  cattle  of  the  West  Indies,  iL 

214. 
LiiKRUETTB  and  Quatrefages,  on  the 

hordes  of  Circassia,  ii.  80,  210. 
Lichens,  sterility  in,  ii.  155. 
LiCiiENffTEiN,  resemblance  of  Bosjes- 

maa*8  dogs  to  Cania  mesomeku,  i.  26 ; 

Newfoundland  dog  at  the  Oipe  of 

Good  Hope,  i.  37. 
LXEitio,  differences  in  human  blood,  ac- 
cording to  complexion,  ii.  265. 
LiEBREiou,  occurrence  of  pigmentary 

retinitis  in  deaf-mutes,  ii.  322. 
Lilacs,  ii.  148. 

Ijliace^  contabescence  in,  ii.  149. 
LUhun  buXbifet-vun  and  dbvtiricii/n,  i.  431. 
LUivun  candidiuiiy  ii.  118. 
Liifus,  regcneratioa  of,  ii.  370. 
LiMUS  and  head,  correlated  variation  of, 

it.  315. 
LiHE.  effect  of,  upon  shells  of  the  mol- 

lusca,  \i.  270. 


LiME-TftSK,  ehaaget  o^  by  agi^  L  3§7« 
413. 

LiMiTATiOV,  sexual,  it  47-51. 

LiMiTATiOH,  suppoaed,  of  variation,  !L 
412. 

Limari'a,  pebrism  in,  iL  32,  35,  SS;  pe> 
loric  crossed  with  the  nonnal  farm, 
ii.  46 ;  sterility  of,  ii.  1.50. 

Xmofvi  vuigana  and  purpmrmt,  hybriii* 
of,  iL  72. 

LurDEMum,  potato-grafting,  L  422. 

LiNDLRr,  John,  classiHcation  of  varie- 
ties of  cabbages,  L  342 ;  origin  of  th* 
peach,  i.  357;  influence  of  soil  on 
pe:ichc8  and  nectarines,  i.  360 ;  varie- 
ties  of  the  peach  and  nectarine,  L 
364;  on  the  New  Town  pippin,  L 
370 ;  freedom  of  the  Winter  Majetin 
apple  from  coccus,  tUtf.;  production 
of  moncBcious  Hautbois  strawberriea 
bv  bud-eelection,  L  375;  origin  of 
the  large  tawny  nectarine,  i  399; 
bud-variation  in  the  gooseberry,  i. 
400 ;  hereditary  disease  in  plants,  i. 
45.'> ;  on  double  flowers,  ii.  151 ; 
seeding  of  ordinarily  seedless  fruits, 
ii.  152 ;  sterility  of  Acorns  ch^miss, 
ii.  154 ;  resistance  of  individual  plants 
to  cold,  iL  299. 

LiNXiCca,  summer  and  winter  wheat 
regarded  as  distinct  species  by,  i. 
333;  on  the  single-leaved  straw- 
berry, L  37.');  sterility  of  Alpine 
plants  In  gardens,  iL  147 ;  recognition 
of  individual  reindeer  by  the  Lap- 
landers, iL  238;  growth  of  tobacco 
in  Sweden,  iL  298. 

Linnet,  iL  141. 

Linota  ctowiinna,  ii.  141. 

Limimf  ii.  149. 

Liox,  fertility  of,  in  captivity,  iL  133» 
134. 

LiPARl,  feral  rabbits  of,  L  118. 

LlviNQfflONE,  Dr.,  striped  young  pigs 
on  the  Zambesi,  i.  80 ;  domestic  rab- 
bits at  Loanda,  L  1 16 ;  use  of  graabi- 
seeds  as  food  in  Africa,  L  326 ;  plant- 
ing of  fruit-trees  by  the  Batokas,  1. 
326;  character  of  half^castea,  iL  21  ; 
taming  of  animals  among  the  Barotse, 
iL  144;  selection  practised  in  South 
Africa,  iL  191,  194. 

LiviNa8ix>NE,  Mr.,  distiM  a  canae  if 
drooping  ears,  iL  291. 
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llgAKDW,  nprodnctioa  of  tail  ib,  iL  2M. 

Llama,  selection  of,  ii.  192. 

I  JjOYp,  Mr.,  tamiBg  of  the  wolf,  i.  37 ; 
Englbh  dogt  in  northern  fiurope,  i. 
37;  fertility  of  the  goote  increued 
by  domestication,  L  803 ;  number  of 
eggs  laid  by  the  wild  gooee,  ii.  91 ; 
breeding  of  the  caperc^aie  in  cap* 
tiWty,  iL  139. 

LOANOA,  domestic  rabbits  at,  i.  116. 

Zoaaa,  hybrid  of  two  species  of,  ii.  76. 

Lobelia,  reversion  in  hybrids  of,  i.  425  ; 
contabescenoe  in,  ii.  149. 

Lobelia  fulgens,  oarcUmUiSf  and  syg^i^ 
tioa,  ii.  117. 

Lock  HART,  Dr.,  on  Chinese  pigeons,  i. 
216. 

Locust-tree,  ii.  264. 

LoiSELEnR-DBSLONOOHAMPS,  Originals 
of  cultivated  plants,  L  324;  Hon* 
golian  varieties  of  wheat,  L  331; 
characters  of  the  ear  in  wheat,  ibid, ; 
acclimatisation  of  exotic  wheat  in 
Europe,  i.  332;  effect  of  change  of 
climate  on  wheat,  i.  334 ;  on  the  sup- 
posed necessity  of  the  coincident 
variation  of  weeds  and  cultivated 
plants,  i.  335 ;  advantage  of  change 
of  soil  to  plants,  iL  128. 

Lolium  iemmlenium,  variable  presence 
of  barbs  in,  i.  331. 

LONO- TAILED  shecp,  i.  98. 

LoocHOO  Islands,  horses  of,  i.  53. 

Lord,  J.  K.,  on  Quut  to^rdus,  i.  22. 

**  LoRi  RAJAH,"  how  produced,  L  269. 

Zorius  garrultu,  iL  269. 

^  LOTAN  "  tumbler  pigeon,  i.  157. 

Loudon,  J.  W.,  varieties  of  the  carrot, 
L  345 ;  short  duration  of  varieties  of 
peas,  i.  348 ;  on  the  glands  of  peach- 
leaves,  L  364 ;  presence  of  bloom  on 
Russian  apples,  i.  370;  origin  of 
varieties  of  the  apple,  L  372 ;  varie- 
ties of  the  gooseberry,  i.  376;  on 
the  nut  tree,  L  379 ;  varieties  of  the 
ash,  L  384;  fastigate  juniper  (/. 
euecioa)^  L  385;  on  Ilex  aquifolium  j 
feroXy  ^nd, ;  varieties  of  the  Scotch 
fir,  L  386,  887 ;  varieties  of  the 
hawthorn,  L  387;  variation  in  the 

¥en»steney  of  leaves  on  the  elm  and 
urktsh  fiiak,  L  386;  importance  of 
activated  varieties,  i.  387 ;  varieties 
eif  Rom  spinoeienmdf  L  391 ;  variation 
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of  dahliaa  from  the  sam  aeed,  L  894 , 
prodnctioB  of  Provenoe  rosea  from 
■teds  of  the  moss  rose,  i.  405;  effect 
of  grafting  the  purple-leaved  upon 
the  common  haiel,  L  419;  inter* 
crossing  melons,  ii.  110;  nearly 
evergreen  Cornish  variety  of  th«  elm, 
iL  801. 

Low,  Q.,  on  the  pigs  of  the  Orkney 
Islands,  1.  74. 

Low,  Prof.,  pedigrees  of  greyhounds,  i. 
447 ;  origin  of  the  dog,  L  16 ;  bur- 
rowing instinct  of  a  half-bred  dingo, 
L  28;  Inheritance  of  qualities  in 
horses,  i.  53 ;  oomparative  powers  of 
English  race-horses,  Arabs,  «c.,  L  57 ; 
British  breeds  of  cattle,  i.  83;  wiU 
cattle  of  Chartley,  i.  88;  effect  of 
abundance  of  food  on  the  size  of 
cattle,  i.  95 ;  effects  of  climate  on  the 
skin  of  cattle,  L  96,  ii.  819 ;  on  inter- 
breeding,  ii.  95 ;  selection  in  Hereford 
cattle,  iL  199;  formation  of  new 
breeds,  iL  231 ;  on  ''  sheeted  "  cattle, 
iL  841. 

Lowe,  Mr.,  on  hive  bees,  L  316. 

Lowe,  Rev.  Mr.,  on  the  range  of  Pyrus 
malue  and  P,  aoerbOf  i.  370. 

Lowne,  Mr.,  monsters,  ii.  333;  ob 
gemmnles,  iL  372. 

*<  LowTUN  "  tumbler  pigeon,  L  157. 

Loxia  pyrr/mla,  iL  137. 

Lubbock,  Sir  J.,  developments  of  the 
Ephemeridx,  ii.  361. 

Lucas,  P.,  effects  of  cross-breeding  on 
the  female,  i.  436 ;  hereditary  diseases, 
i.  451,  ii.  54,  55 ;  hereditary  affections 
of  the  eye,  i.  453, 454 ;  inheritance  of 
anomalies  in  the  human  eye  and  in 
that  of  the  horse,  L  454 ;  inheritance 
of  polydactylism,  L  458 ;  morbid 
uniformity  in  the  same  family,  i. 
459;  inheritance  of  mutilations,  1. 
469 ;  persistency  of  cross-reversion, 
iL  9;  persistency  of  character  in 
breeds  of  animals  in  wild  countries, 
ii.  39 ;  prepotency  of  transmission,  ii. 
40,  44;  supposed  rules  of  trans- 
mission in  crossing  animals,  iL  44 ; 
sexual  limitations  of  transmission  of 
peculiarities,  iL  48,  49 ;  absorption  of 
the  minority  in  crossed  races,  iL  65 ; 
crosses  without  blending  of  ocrtaia 
characters,  iL  69 ;  on  interbreedingp 
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ii.  95;  TArUbility  dependent  on  rc- 

prodneiion,  iL  337 ;  period  of  Action 

•r  rariability,  iL  247 ;  inheritance  of 
■     diMineM  in  cnta,  iL  322 ;  compleiion 

nnd  oonrtatation,  iL  329. 
LnOAZB  -  DoTHiEBai     strnctnre     nnd 

growtli  of  gall^  ii.  272-274. 
lucAE,  Prof.,  on  tlie  mnslced  pig,  L  72 ; 

on  pigi,  iL  289. 
LuuET,  grafting  of  n  ponch-alnioBd  ok 

a  peach,  L  859 
LOtke,  cats  of  the  Caroline  Arohipelago, 

i.  49. 
LuxuRiAHOB,  of  Tcgetatire  organs,  a 

canae  of  sterility  in  plants,  ii.  152, 

155. 
Lrovswr,  on  thesdssion  of  Kais,  iL  851. 
Lystmackia  mmiiiMtfana,  sterility  of,  iL 

154. 
Zythmmf  trimorphic  species  of,  ii.  394. 
Lythmm  aalioaria,  iL  196 ;  contabescence 

in,  iL  149. 
ZjfUa  MSMXitorMi,  afleeting  the  kidneys, 

iL  873. 

ifooacMS,  spedes  of^  bred  in  captirity, 

u.  135. 
If  AOAULAT,  Lord,  improToment  of  the 
-     English  horse,  iL  197. 
11*0li-xland,  Dr.,  Tariability  of  frwh- 

water  fishes  in  India,  ii.  246. 
HK>or,  Prof.,  on  the  dingo,  i.  ^6. 
MACFATDEir,  influence  of  soil  in  pro* 

ducing  sweet  or  bitter  oranges  from 

the  same  seed,  L  355. 
If AOQILUVRAT,  domestication   of  the 

rock-dore,  L  194;   feral  pigeons  in 

Scotland,  L  200 ;  number  of  rertebne 

in  birds,  L  280;  on  wild  geese,  L 

302 ;  number  of  eggs  of  wild  and  tame 

ducks,  ii.  91. 
Mackenzie,  Sir  G.,  peculiar  variety  of 

the  poUto,  i.  350. 
If  ACCEsrziB,  P.,  bud-rariation  in  the 

curran*,  i.  400. 
Uackiknon,  Mr.,  horses  of  the  Falkland 

Islands,  L  55;   feral  cattle  of  the 

Falkland  Islands,  L  89. 
MacKnioht,  C,  on  interbreeding  cattle, 

:L9«. 
MacNab,  Mr.,    on    seedling    weeping 

birches,  i.  461;    non-production  of 

the  weeping  beech  by  seed.  L  462. 
Hapagascab,  cats  of;  L  49. 


Maddek,  H.,  on  interbieeding  oatUt, 
iL  96. 

Madeira,  rock  pigeon  of;  i.  193. 

MagmoUa  grandi/lwyt,  ii.  299. 

MAasrua,  Herr,  on  potato-grafUag,  t 
422;  on  graft-hybrids,  L  423,424. 

Maize,  its  unity  of  origin,  L  338;  anti- 
quity of,  ibid.;  with  husked  grains 
said  to  grow  wild,  vbitL;  Tariation  of, 
L  289 ;  irregularities  in  the  flowers 
of,  L  839;  persistence  of  rarieties, 
ibid,;  adaptation  of,  to  climate,  L 
340,  iL  297 ;  aodimatisaUon  of;  iL 
304,  339 ;  crossing  of,  L  430,  iL  82, 
83 ;  extinct  I^BrnWan  Tarietics  of;  iL 
421. 

Malay  fowl,  i.  237. 

Malay  Archipelago,  horses  of,  L  56 ; 
short-tailed  cats  of,  L  49;  stripes 
young  wild  pigs  of,  L  80 ;  ducks  of, 
L294. 

Male,  influence  of;  on  the  fecundated 
female,  L  428-437 ;  supposed  influence 
of;  on  oflspring,  iL  44. 

Male  flowers,  appearance  of,  among 
female  flowers  in  maiie,  L  339. 

MALFOBMATI02I8,  hereditary,  U.  55. 

Maungi^-Nouei^  on  sheep,  L  100; 
cross-breeding  sheep,  iL  45;  Eagliah 
sheep  in  France,  ii.  220. 

Malm,  eyes  of  flat  fish,  iL  28. 

Maiva,  fertilisation  of,  L  434^  iL  356. 

Mamatra  smoso,  ii.  141. 

MAMMiE,  Tariable  in  number  in  the  pig, 
L  77;  rudimentary,  occasional  full 
dcTelopment  of,  in  cows,  L  91,  ii. 
309 ;  four  present  in  some  sheep,  L 
99;  Tariable  in  number  in  rabbits, 
L  110;  latent  functions  o^  in  male 
animals,  iL  27,  309. 

Mavoles,  Mr.,  annual  Taricties  of  the 
heartsease,  iL  295. 

MAaiTEOAZZA,  abnormal  growth  of  spur 
of  cock,  iL  365 ;  on  Pangenesis,  ik 
371. 

Maittell,  Mr.,  taming  of  birds  by  the 
New  Zealanders,  iL  144. 

Maitu,  domestic  fowl  noticed  in  the  In- 
stitutes of,  L  258. 

Manure,  effect  of,  on  the  fertiUtr  of 
plants,  ii.  147. 

Manx  cats,  L  48,  iL  41. 

Marcel  de  Serres,  fertility  cf  toe  •». 
trich,  ii.  140. 
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XilIuasrb  Islandi,  rarietifis  of  Pon- 
danua  in,  H.  243. 

Uakkhui,  Gebvasb,  OB  rabbits,  L  108, 
ii.  188. 

Hark  HOB,  probably  ob«  of  the  pwenU 
of  the  goat,  i.  105. 

Marquand,  eatt!o  of  th«  Ghaimel 
MftBdf,  L  84. 

llABRiMFOET,  inboriUiioe  in  the  botae, 
i.  455. 

MarboWj  Tegetable,  i.  880.  « 

M  ARRTATT,  Cspt.,  breeding  of  Meet  in 
Kentvcky,  iL  223. 

llARSDiai,  notiee  of  OtUht§  gigcudmu^  L 
246. 

Marbhali^  Dr.  W.,  on  QcUa*  tonMeratU, 
i.  245. 

UabshalL)  Mr.,  rolnntAry  selection  of 
pasture  by  sheep,  i.  100 ;  adaptation 
of  wheats  to  soil  and  climate,  L  384 
*<  Dutch-buttoclEed "  cattle,  i.  452 
segregation  of  herds  of  sheep,  ii.  81 
aiirantage  of  change  of  soil  to  wheat 
iind  potatoes,  iL  128;  fashionable 
change  in  the  horns  of  cattle,  ii.  195 ; 
sheep  in  Yorlcshire,  iL  221. 

Mabt£H8,  K  yom,  on  Aehatine(hf  ii. 
28. 

Martik,  W.  C.  L.,  origin  of  the  dog,  L 
16;  Egyptian  dogs,  i.  18;  barking  of 
a  Mackenzie  River  dog,  L  27 ;  African 
honnds  in  the  Tower  menagerie,  i. 
1(3 ;  on  dan  horses  and  dappled  asses, 
1.  58 ;  breeds  of  the  horse,  L  51 ;  wild 
horses,  L  53 ;  Syrian  breeds  of  asses, 
I.  65;  asses  without  stripes,  L  66; 
effects  of  crosa-breeding  on  the  female 
in  dogs,  L  436 ;  striped  legsjof. mules, 
iL  16. 

Martihs,  defectire  instincts  of  silk- 
'worms,  L  321. 

Martius,  C,  fruit-trees  of  Stockholm, 
ii.  297. 

Mason,  W.,  bnd-Tariation  in  the  arfi,  L 
408. 

MA8TEB8,  Dr.,  on  bnd-Tariation  and 
reversion,  L  403;  potato>grafting, 
i.  421 ;  on  pollen  within  ovules,  iL 
387;  reversion  in  the  spiral-leaved 
weeping  willow,  L  408;  on  pelorio 
flowers,  iL  32;  on  Opuniia,  iL  274; 
jwiorism  in  a  clover,  iL  338 ;  position 
as  a  cause  of  pelorism,  iL  338,  339. 

VUMtEBB,  Mr.,  persistence  of  varieties 


of  peas,  L  848;  reproduction  of  colour 
in  hyacinths,  L  463;  on  hollyhocks, 
ii.  85 ;  selection  of  peas  for  seed,  ii. 
184;  on  Hibitemt  synactu^  iL  276 ;  re- 
rersion  by  the  terminal  pea  in  the 
pod,  iL  340. 

MitnrF,  scnlptnrsd  on  an  Assyrian 
monument,  L  17,  iL  424 ;  Tibetan,  i. 
37,  iL  268« 

Matthews,  Patbioc,  on  forest  trees,  ii 
223. 

Matthioh  amwa,  i.  429,  463,  u.  71. 

MattMola  inoana,  L  407,  429. 

Maucuamp  merino  sheep,  i.  104. 

Maudutt,  crossing  of  wolves  and  dogi 
in  the  Pyrenees,  i.  24. 

Maund,  Mr.,  crossed  varieties  of  wheat, 
iL  110. 

Maupertuo,  axiom  of  « least  action," 
L  13. 

Maubitioi,  importation  of  goats  into, 
L  105. 

Maw,  6^  eflfects  of  change  of  climate, 
iL  300;  correlation  of  contracted 
leaves  and  flowen  in  pelargoniums, 
iL  324,  325. 

Mawz,  fertility  of  ^rossiba  rapOj  ii.  148. 

MaxlBariOf  self-fertilised  capsules  of,  iL 
114. 

MaxUlaria  otroHiAeHBy  fertilisation  of, 
by  AT.  aqualena,  iL  114. 

Maximowige,  direct  action  of  pollen,  i. 
431. 

MATERa,  on  gold-fish  in  China,  L  312. 

Mayes,  M.,  self-impotence  in  AmaryUiSj 
ii.  120. 

Meckel,  on  the  number  of  digits,  i. 
458;  correlation  of  abnormal  muscles 
in  the  leg  and  arm,  iL  314. 

Medus^  development  of,  iL  364,  379. 

Mebhan,  Mr.,  weeping  peach,  L  461 ; 
effects  of  paradtes,  ii.  275 ;  compan- 
ion of  £urope»i  and  American  treeS| 
iL  270. 

Mek9  taxus,  iL  134. 

Melons,  L  383,  384;  mongrsl  supposed 
to  be  produced  from  a  tivln-seed,  L 
427  ;  crositing  of  varieties  cl*,  i.  430, 
ii.  86,  109 ;  inferiority  o^  in  Roman 
times,  iL  2CK);  changes  in^bv  culture 
and  climate,  ii.  264 ;  serpent,  correla- 
tion of  variations  in,  ii.  3S 1 ;  ta  ile- 
gous  variations  in,  iL  341. 

Membraniss,  false,  ii.  284^  285. 
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Miin^nuBi,  on  the  ttomach  of 

graUaria,  U.  292. 
M  BiriNOiTni,  tnbercuUr,  iiih«rit«df  U.  S5. 
Meriuok,  poUio-gnfting,  i.  423, 
llBTAOEirBBta^  IL  362. 

Metamorphoso,  ii.  362. 
Metamorphosib  and  demtlopuMnt,  IL 

363,384. 
Metzoer,  on  the  suppoMd  ipocics  of 

whMi,l.329,  330$  tcodeacy  of  whwt 

to  rvTft  1.  332 ;  Tariation  of  maitt,  1. 

339,  340;   caltiration  of  Americui 

maiie  iD  Enrope,  L  340,  it  339 ;  on 

cabbages,  t.  341'-344 ;  acclimatisation 

of  Spanish  wheat  in  Qermanj,  i.  472 ; 

adraotage  of  change  of  soil  to  plants, 

li.  128;  on  rje,  ii.  241;  cultivation 

of  different  lEinds  of  wheat,  ii.  246. 
Hbzioo,  dog  from,  with  tan  snots  on 

the  eyes,  i.  29 ;  colours  of  ferai  horses 

in,  i.  64. 
Meten,  on  seeding  of  bananas,  ii.  152. 
UiOE,  grey  and  white,  colours  of,  not 

Mended  by  crossing,  ii.  70 ;  rejection 

of  bitter  almonds  by,  ii.  218 ;  naked, 

ii.  268. 
If  ICHAUX,  F.,  roan-coloured  feral  horses 

of  Mexico,  i.  64 ;  origin  of  domestic 

turl^ey,  L  308;  on  raising  peaches 

from  seed,  L  360. 
Michel,  F.,  selection  of  horses  in  mediae- 

ral  times,  ii.  187;  horses  preferred 

on  account  of  slight  characters,  ii. 

194. 
MiCRBLT,  effects  of  food  on  catoplllars, 

iu  270 ;  on  Bombyx  hetpenu,  li.  329. 
MiCROPHTHAunA,  associated  with  da- 

fectire  ta«th,  it  321. 
Middens,  Danish,  remains  of  dogs  in,  U 

18,  ii.  423. 
MfOMOHEiTB,  ii.  223,  301. 
Millet,  i.  396. 
MiLLi,  J„  diminished  fertility  of  mares 

when  first  turned  out  to  grass,  U. 

145. 
Miura»ED>WA]iD8,  on  the  deTelopmtst 

of  the  Crustacea,  ii.  363. 
Miuns-EDWARIM,  A.,  on  a  crustaoean 

with  a  monstrous  eye-peduncl),  ii. 

385. 
MatfUB  niger,  U.  137. 
JTMiii/iit /uiMs,  U.  109. 
MiBiOB,  W.  C,  gemmation  and  fisaian  in 

anaelidsi  ii  851. 


MinAUiB,  fertilisaUon  of;  ii.  356 ;  hybridi 
oi;ii.  111,153,253. 

Mu-aMiMJahpa,  L  407,  426. 

MircbOia  kmgi/hra,  ii.  65. 

MMbUi$  M^OTM,  iL  65. 

MtaooeoHpui  and  Otadomt/iOf  i.  5. 

MtroHELL,  Dr.,  effects  of  the  poiaoa  of 
the  ratUesaake,  iL  279. 

MrrroSD,  Mr.,  notice  of  the  breeding  of 
horses  br  Erich  thonius,  iL  186. 

MiVART,  Mr.,  rudimentary  organs,  iL 
90o. 

MoOCAS  Court,  weeping  oak  at,  L  461. 

MoOfOBD,  horses  poisoned  by  Ibol's  par- 
sley, iL  331. 

MdLLER,  L.,  eflecta  of  food  on  insects, 
iL  270. 

Mole,  white,  iL  326. 

Moll  and  Oayot,  on  cattle,  i.  84,  iL  74, 
195. 

MOLLDECA,  change  in  shells  of,  iL  270. 

MoNKE,  Lady,  culture  of  the  pansy  by, 
L  391. 

Monkeys,  rarely  fertile  in  captivity, 
ii.  135. 

MoNNiER,  identity  of  summer  and 
winter  wheat,  L  333. 

MoNSTBBS,  double,  il.  333,  334. 

MoNSTBOsniES,  occurrence  of,  in  do- 
mesticated animals  and  cultivated 
plants,  L  389,  iL  241 ;  due  to  per- 
sistence of  embryonic  conditions, 
ii.  31 ;  occurring  by  roTersion,  li. 
31-34 ;  a  cause  of  sterility,  ii.  150, 
151 ;  oansed  by  iigury  to  the  embryo, 
ii.  257. 

MooB,  J.  H.,  deterioration  of  the  hone 
in  Malasia,  i.  56. 

MooRCBOFT,  Mr.,  on  Hasora  wheat,  L 
331 ;  selection  of  white-tailed  ynks, 
iL  190;  melon  of  Kaechmtr,  iL  264; 
▼arieties  of  the  apricot  coltiTated  in 
Ladakh,  L  366;  yarieties  of  the 
walnnt  cultiTated  in  Kaschmir,  i. 
379. 

MooBB,  Mr.,  on  breeds  of  pigeona,  L 
155,  163,  217,  219,  221 ;  on  ground 
tumblers,  L  228. 

MooRUK,  fertility  of,  in  capHWty,  ii« 
140. 

Moquin-Tandon,  original  Ibrm  of 
maize,  L  339 ;  rariety  of  the  doable 
columbine,  L  389;  peloric  flcwen^ 
ii.   32-s$5;  position    as    a  cansa  of 
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pclorism  in  flowers,  ii.  337 ;  tendency 
vi  peloric  flowers  to  become  irregnUr, 
ii.  46 ;  on  monstrosities,  ii.  241 ; 
oorreUtion  in  the  axis  end  appen- 
dages of  plants,  ii.  312;  fusion  of 
hoDMlogous  parts  in  plants,  iL  333- 
335;  on  a  bean  with  monstrous 
etipnles  and  abortive  leaflets,  ii. 
335 ;  conrersion  of  parts  of  flowers, 
ii.  387. 

MORiiOT,  dogs  of  the  Danish  Middens, 
i.  18 ;  sheep  and  horse  of  the  Bronse 
period,  ii.  423. 

Mormodes  ignea,  ii.  28. 

AfOBOOOO^  estimation  of  pigeons  in,  i. 
215.  * 

HOBBEK,  grafts  of  Abntilon,  i.  418; 
on  pelorism,  ii.  33;  in  Caloeolariay 
ii.  338;  non-ooinciden(*e  of  doable 
flowers  and  Tariegated  leares,  iL 
151. 

MoBBis,  Mr.,  breeding  of  the  kestrel  in 
captivity,  ii.  137. 

MOBSB,  Dr.  digits  of  birds,  ii.  315. 

MoBTON,  Lord,  effect  of  fecundation 
by  a  qnagga  on  an  Arab  mare,  i. 
435. 

MoBTOsr,  Dr..  origin  of  the  dog,  L  16. 

Morus  aJbdy  i.  354. 

Mofloow,  rabbits  of,  i.  Ill,  125 ;  effects 
of  cold  on  pear-trees  at,  ii.  297. 

MoflSES,  sterility  in,  ii.  155;  retro- 
gressive metamorphosis  in,  ii.  354. 

lAoas-BOBE,  probable  origin  of,  from 
^ota  oentifolia,  i.  405;  Provence 
roses  produced  from  seeds  of,  ibid, 

MosTO,  Cada,  on  the  introdnction  of 
rabbits  into  Porto  Santo,  i.  117. 

Mot-mot,  mutilation  of  feathers  in- 
herited, i.  470. 

MoTTUNO  of  fruiu  and  flowers,  L  430. 

MOUMTAIN-A0H,  ii.  216. 

Mouse,  Barbery,  ii.  135. 

**  MdVEN-TAUBE,"  i.  156. 

MowBRAT,  Mr.,  on  the  eggs  of  game 
fowls,  i.  261 ;  early  pugnacity  of 
game  cocks,  i.  263;  diminished  fe- 
cundity of  the  pheasant  in  captivity, 
iL  139. 

Mow  BEAT,  Mr.,  reciprocal  fecundation 
of  Pauiflora  oAito  and  raomtofo,  u. 
118. 

MuLAmos,  character  of,  iL  21. 

MULBEBBY,  L  354^  iL  243. 


^ULB  and  hiiny,  diflersnoti  in  the,  iU 

43. 
MULEB,  Striped  colouring  of,  iL   16; 

obstinacy  of,  iL  20;  j^wduction  of, 

among  the  Romans,  ii.  88;  noticed 

in  the  Bible,  ii.  186. 
M€llbb,  Fritz,  reproduction  of  orchids, 

iL  114M>116;development  of  Crustacea, 

iL  363;  direct  action  of  pollen,  i. 

431 ;  self-sterile  bignonia,  ii.  117. 
Mi)UiEB,  H.,  on  the  fiMse  and  teeth  in 

dogs,  L  36,  76,  iL  337. 
MOunty  J.,  tendency  to  variation,  ii. 

239;    atrophy  of   the    optic  nerve 

consequent    on   destruction    of   the 

eye,  iL    287;    on    gemmation    and 

&8ion,  ii.   351 ;  identity  of  ovules 

and  buds,  iL  354;  spedal  aflUnities 

of  the  tissues,  ii.  375. 
MtJiXEB,  Max,  antiquity  of  agriculture, 

ii.  230. 
MuLTiPUdTT    of   origin  of  pigeons, 

hypotheses  of,  discussed,  i.  197-203. 
MuNiz,  F.,  on  Niata  cattle,  i.  94. 
MuNBO,    R.,  on    the    fertilisation    of 

orchids,    iL    114;    reproduction    of 

Paanftora  cUnta,  iL  119;  self-sterile 

Passiflora,  ilnd. 
**  MuBABBA  "  pigeon,  i.  151. 
MuBiE,  Dr.,  size  of  hybrids,  ii.  112. 
Mttbpht,  J.  J.,  the  structure  of  the 

eye  not  producible  by  selection,   iL 

207. 
Mu8  alexandrimu,  ii.  64,  65. 
Jftwa  taptetUiuMf  chinentit  and  catena 

dishiif  L  401. 
Mtuoari  oomoaumj  ii.  169,  306. 
Muscles,  effects  of  use  on,  iL  287. 
Musk  duck,  feral  hybrid  of,  with  the 

common  duck,  L  200. 
Mutilations,  inheritance  or    non-in* 

hcT  tance  of,  ii.  466,  392. 
Mtait,  on  a  five-leaved  variety  of  th« 

strawberry,  i.  375. 
Mtopia,  hereditary,  i.  453. 
Mybiapoda,  regeneration  of  lost  parts 

in,  iL  284,  358. 

Nailb,  growing  on  stumps  of  fingers, 

iL  386. 
Nais,  scission  of,  ii.  351. 
Namaquas,  cattle  of  the,  L  91,  iL  192. 
Nabcissub,  double,  becoming  single  ia 

poor  soil,  ii.  151. 
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Naatabz,  on  the  caltiTatioii  of  natire 
planto  in  Florida,  i.  32b. 

Kami^y  sterility  oi,  in  cnptiTity,  ii. 
134. 

■^Natas,**  or  Niata<,  a  South  American 
breed  of  cattle,  i.  92-94. 

Katiiubiub,  H.  vo2f,  on  striped  hones,  i. 
62 ;  on  the  pigs  of  the  Swiss  laise- 
dwellings,  i.  71;  on  the  races  of 
pigs,  i.  68-72 ;  oonTorgence  of  cha- 
racter in  highly-bred  pigs,  L  76,  ii. 
227 ;  canaes  of  changes  in  the  form 
of  the  pig's  skull,  i.  75,  76 ;  changes 
in  breeds  of  pigs  by  crosstog,  i.  82 ; 
change  of  form  in  the  pig,  ii.  269 ; 
effects  of  dbnse  of  parts  in  the  pig, 
ii.  289;  period  of  gestation  in  the 
pig,  i.  77 ;  appendages  to  the  jaw 
in  pigs,  i.  79 ;  on  Sua  plidceps,  i.  72 ; 
period  of  gestation  in  sheep,  i.  101 ; 
on  Niata  cattle,  i.  93;  on  short- 
horn cattle,  ii.  96 ;  on  interbreeding, 
ii.  95 ;  in  the  sheep,  ii.  98 ;  in  pigs, 
ii.  101  ;  unconscious  selection  in  cattle 
and  pigSjii.  198;  variability  of  highly- 
selected  races,  ii.  225. 

a'ato,  p.,  on  the  Bizsarria  orange,  i. 
417. 

Natural  selection,  its  general  princi- 
ples, i.  2-14. 

Natuue,  sense  in  which  the  term  is 
employed,  i.  6. 

Naudin,  supposed  rules  of  transmission 
in  crossing  plants,  ii.  43;  on  the 
nature  of  hybrids,  ii.  23,  24;  essences 
of  the  species  in  hybrids,  ii.  382, 
395;  reversion  of  hybrids,  ii.  9,  23, 
24;  reversion  in  flowers  by  stripes 
and  blotches,  ii.  11;  hybrids  of  Zm- 
aria  vulgaris  and  purpurea,  ii.  72 ; 
pelorism  in  Linaria,  ii.  32,  38; 
crossing  of  peloric  Linaria  with  the 
normal  form,  ii.  46;  variability  in 
Datura,  ii.  254;  hybrids  of  Datura 
IcBvia  and  ttramonium,  i.  425;  pre- 
potency of  transmission  of  Datura 
sinunonium  when  crossed,  iL  43 ;  on 
the  pollen  of  MinbUis  and  of  hybrids, 
i.  415 ;  fertilisation  of  MirabUm,  ii. 
356 ;  cultivated  Cucurbitaoe«,  i.  380, 
384,  ii.  86 ;  rudimentary  tendrils  in 
gourds,  ii.  306;  dwarf  Cucurbitce,  ii. 
324;  relation  between  the  size  and 
number  of  the  fruit   in    Cucurbita 


pepo,  it  336 ;  analogons  Tariation  ta 
CucmUUBy  IL  341;  acdinatisatioo 
of  CucnrbitaoesB,  iU  304 ;  production 
of  fruit  by  sterile  hybriit  Cncurbt- 
taoeae,  iL  156 ;  on  the  melon,  i.  38:^ 
iL  86,  264 ;  incapacity  of  the  cucum- 
ber to  cross  with  other  spoi-iea,  L  382. 

Neotasine,  L  357-365 ;  <kriTC<>  from 
the  peach,  L  857,360-66i;  hybrids 
of,  L  360 ;  persistency  of  cliaracters 
in  seedling,  Ubid. ;  origin  ^t,  L  361  ^ 
produced  on  peach-trees,  i.  361, 362 ; 
producing  peaches,  L  361 ;  Tariation 
in,  i.  363,  364 ;  bud-variation  in,  L 
398 ;  glands  in  the  leaves  of  the,  iL 
217  ;  analogous  variation  in,  iL  341. 

KKCrrABT,  variations  o^  in  pansies,  L 
393. 

Nbeb,  on  changes  in  the  odour  of  plants, 
iL  264. 

<'Nfiaito''ca^L48. 

NEOROfa,  polydactylism  in,  L  548; 
selection  of  cattle  practised  by,  iL 
191. 

Neolithio  period,  domestication  of 
Boa  kmgifrons  and  primijfennu  in 
the,  L  84;  cattle  of  the,  distinct 
from  the  original  species,  L  90;  do- 
mestic goat  in  the,  i.  105 ;  cereals  of 
the,  L  3M. 

Nerve,  optic,  atrophy  of  the,  iL  287. 

Neubert,  potato^grafting,  i.  422. 

Neumeicter,  on  the  Dutch  and  German 
pouter  pigeons,  i.  145 ;  on  the  Jaco- 
bin pigeon,  L  162;  duplication  of 
the  middle  flight  feather  in  pigeocx, 
i.  167 ;  on  a  peculiarly  coloured 
breed  of  pigeons,  '*  Staarhalsige 
Taube,"  L  169;  fertility  of  hybrid 
pigeons,  L  201 ;  mongrels  of  the 
trumpeter  pigeon,  iL  42;  period  of 
perfect  plumage  in  pigeons,  iL  53 ; 
advantage  of  crossing  pigeons,  iL  106. 

Neuralqia,  hereditary,  iL  55. 

New  Zealanu,  feral  cats  of,  L  49; 
cultivated  plants  of,  L  328. 

Newfoundland  dog,  modification  of, 
in  England,  i.  44. 

Newman,  K,  sterility  of  Sphingidae 
under  certain  conditions,  ii.  141. 

Newport,  G.,  non-copulatioa  of  I'b- 
neascB  in  confinement  iL  141;  f«r> 
tilisation  of  the  ovule  In  batndiin. 
iL356. 
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Vbwt,  polydnetylUm  in  the,  i.  54a. 

Newton,  A.,  absence  of  sezaal  dktinc- 
tioiw  in  the  Columbidc,  i.  171; 
production  of  n  **  bUck-ehouIdered  " 
penhen  nmong  the  ordinary  kind,  L 
S06;  on  hybrid  ducks,  it  140. 

HeAMZ,  Lake,  cattle  of,  i.  91. 

**  MiATA  "  cattle,  L  92-94 ;  resemblance 
otf  to  Stvatheriumy  i.  93 ;  prepotency 
of  transmiMion  of  character  by,  ii. 
41. 

•NlOUkRD"  rabbit,!.  111. 

2iiCHOLM>N,  Dr.,  on  the  cats  of  Antigna, 
i.  48 ;  on  the  sheep  of  Antigua,  i. 
102. 

Niootiana,  crossing  of  varieties  and 
species  of,  ii.  87 ;  prepotency  of 
transmission  of  characters  in  species 
of,  ii.  43;  contabescence  of  female 
organs  in,  ii.  150. 

ISvxiiina  glutinoaa,  ii.  87. 

NiEBUHB,  on  the  heredity  of  mental 
characteristics  in  some  Roman  fami- 
lies, ii.  40. 

K1OHT-BLINDNE8B,  non-rerersion  to,  ii. 
10. 

NiuaBON,  Prof.,  on  the  barking  of  a 
Toung  wolf,  i.  28;  parentage  of 
Kuropean  breeds  of  cattle,  i  84,  85 ; 
on  Bosfrontotu*  in  Scania,  i.  85. 

Kind,  Mr.,  on  the  dingo,  i.  41. 

"Nisus  formatiYus,"  iL  283,  284, 
848. 

NiTZBCH,  on  the  absence  of  the  oil- 
gland  in  certain  Colnmbae,  L  155. 

NoN-iNHiSBiTAKCE,  causes  of,  i.  470- 
472. 

**  NoNNAXN  **  pigeon,  L  161. 

KoRDMANN,  dogs  of  Awhasio,  i.  25. 

NORMAHDV,  pigs  of,  with  appendages 
.  under  the  jaw,  i.  78. 

Norway,  striped  ponies  of,  L  61. 

KoTT  and  Gliddon,  on  the  origin  of  the 
dog,  i.  16 ;  mastiff  represented  on  an 
Assyrian  tomb,  i.  17;  on  Egyptian 
dogs,  i.  18 ;  on  the  Hare  Indian  dog, 
i.  23 

Nciylki  iu  lis, 

NODBiSHMENT,  ezoess  of,  a  cause  of 
rariability,  iL  244. 

KUXBEB,  importance  of,  in  selection, 
IL  221. 

ilwnid'i  ptilorhynchoy  the  original  of 
tiie  Guinea-fowl,  L  310. 


Nuir  pigeon,  L  168 ;  known  to  Aldr»* 
Tandt,  i.  217. 

NUTMEO-TBEB,  iL  223. 

OAk    weeping,  L  385,  461;  iL  228; 

pyramidsl,   L   385;   Hessian,  •6m1; 

late-leared,    L    386;    Talueless    as 

timber  at  the  Gape  of  Good  Hope, 

iL   264;  changes  in,  dependent  en 

age,  L  413;  galla  of  the,  iL  272. 
Oati,  wild,  L  830;  in  the  Swiss  lake- 
dwellings,  L  837. 
Obeblih,  change  of  soil  beneficial  to 

the  potato,  iL  128. 
OOART,  Count,  rarieties  of  the  rine,  L 

353,  ii,  267;   bod-rariation  in  the^ 

Tine,  L  400. 
<Eddi\tai,  ii.  274. 
(Enothera  biennis,  bud-rariation  in,  i. 

407. 
Oqle,  Dr.  J.  W.,  inherited  deficient 

phalanges,  L  458;    resemblance  of 

twins,  iL  239,  240. 
Our4iLAjXDf    absence    of,    in    fantail 

pigeons,  L  155,  168. 
Qu>FiELD,  Mr.,  estimation  of  European 

dogs  among  the  natives  of  Australia, 

iL  199. 
Oleandeb,  stock  affected  by  grafting 

in  the,  i.  418. 
Olueb,  Dr.,  insertion  of  the  periosteum' 

of  a  dog  beneath  the  skin  of  a  rabbit, 

U.  365. 
OndcUumf  reproduction  of,  iL  114-116, 

147. 
Onions,  crossing    of,    iL   68;    white, 

liable  to  the  attacks  of  fungi  and 

disease,  iL  213,  330. 
Ophrys  ef^tra,  self-fertilisation  of  ii. 

69;  formation  of  pollen  by  a  petal 

in,  iL  387. 
Opwniia,  leucotriGha,  iL  267. 
Oban&E,  L  355-356;   crossing  of,  iL 

68 ;  w:  th  the  lemon,  i.  430,  ii.  360 ; 

natutuisation  of,  in  Italy,  ii.  298; 

variation  of;  in  North  Italy,  Ii.  243 ; 

peculiar  variety  oC,  iL  325 ;  biasirriay 

L417;  trifacUl,  L  418. 
Orchids,  reproduction  of,  L  434,  435 ; 

iL  114-116. 
Orfobd,  Lord,  crossing  greynounds  with 

the  bulldog,  L  43. 
Oboanisiis,  origin  of,  L  13. 
Oboanibation,  advancement  in,  i.  8. 
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OftftAn^  radiiiMBUrj  awl  abotlad,  U. 

306-309;  multiplicatioA  of  ftbitfniwl, 

ii.  385. 
OuoLB,  MtwnptioBi  of  hen-phmiage 

hj  ft  aule  in  oonfiiMintBt,  ii  141. 
Orkvet  Islandi,  pigs  of^  i.  74 ;  pigeoni 

of,  L  193. 
Obthoftera,  regtMntioB  of  had.  Itgt 

in  the,  ii.  284. 


Or/AofM 


ii.  141. 


Obton,  R.,  on  the  ellecte  4L  croei- 
breedin^  on  the  female,  i.  436;  on 
the  Mnni  cut,  ii.  41 ;  on  mongrelii 
from  the  ■illc-foirl,  ii.  42 ;  infertility 
of  geeM  in  Quito,  ii.  145. 

OBBOiUfB,  Dr.,  inherited  mottling  of 
the  iris,  i.  454. 

Obpbct,  prejing  on  blaclc  fowU,  ii. 
215. 

Osten-Sackeh,  Baron,  on  American 
oak-galle,  iL  272. 

OvTEOLOOiOAL  characters  of  p.gB,  i.  69, 
70,  74,  77  ;  of  rabbits,  i.  120-134;  of 
pigeons,  L 171-177 ;  of  ducks,  i.  296- 
298. 

Obtbich,  diminished  fertUity  of  the,  in 
captivity,  ii.  140. 

OsTTAU,  selection  of  dogs  bj  the,  it 
191. 

Otteb,  ii.  134. 

<*Otteb"  sheep  of  Ifassachdsctts,  L 
104. 

OuDE,  feral  humped  cattle  in,  t  83^ 

Ouiffirn,  breed  in  Europe,  ii.  135. 

OvART,  Tariation  of,  m  CuoturbUa  mo^ 
chata,  i.  382 ;  development  of,  inde- 
pendently of  pollen,  L  433. 

Oris  montamif  i.  103. 

Otuleb  and  buds,  identity  of  nature  of, 
ii.  353. 

OwEir,  Capt,  on  stiff-haired  cats  at 
llombas,  i.  48. 

Owen,  Prof.  R.,pal«ontological  evidence 
as  to  the  origin  of  dogs,  i.  15;  on 
the  skull  of  the  *<  NiaU"  cattle,  i. 
93;  on  fossil  remains  of  rabbits,  i. 
108;  on  the  signiiicance  of  the  brain, 
i.  130 ;  on  metagenesis,  ii.  362 ; 
theory  of  reproduction  and  partheno- 
genesis, ii.  370. 

Owl,  eagle,  breeding  in  captivity,  ii. 
137. 

Owl  pigeon,  L  156 ;  African,  figured  i. 
Ift7 ;  kamn  in  1735,  i.  218. 


OmcUtM,,  trimorphic  sncdes  of^  IL  d»i. 

OmJit  ftMM,  iL  113. 

OxLET,  If r.,   on  the  nntmeg-traa,   iL 

223. 
Otbtbbb,  diflerences  in  the  shelle  of,  ii, 

270. 

Paca,  sterility  of  the,  in  confinement, 
ii.  135. 

Paoutio  Islands,  pigs  of  the,  2. 73. 

Padua,  earliest  known  'flower-garden 
at,  ii.  202. 

Paddah  fowl  of  Aldrovandi,  L  259. 

FiBonia  mout-m,  it  189. 

PiBONT-TBEB,  andout  cultivation  of,  in 
China,  ii.  189. 

Paget,  on  the  Hungarian  sheep-dog,  L 
24. 

Paget,  Sir  J.,  inheritance  of  cancer,  i. 
451 ;  hereditary  elongation  of  hairs 
in  the  eyebrow,  i.  452 ;  re-growth  of 
extra  digits,  i.  459 ;  drcumcisaon,  i. 
467 ;  period  of  inheritance  of  cancer, 
ii.  56 ;  on  Hydra,  iL  283 ;  on  the 
healing  of  wounds,  ii.  284 ;  on  the  re- 
paration of  bones,  irid. ;  growth  of  luur 
near  inflamed  surfiices  or  fractures^ 
iL  285;  on  false  membranes,  ibid.; 
compensatory  development  of  the 
kidney,  iL  290 ;  bronseid  skin  in  disease 
of  supra-renal  capsules,  ii.  325 ;  unity 
of  growth  and  gemmation,  ii.  852 ; 
independence  of  the  elements  of  tho 
body,  iL  365 ;  affinity  of  the  tissues 
for  special  organic  substances,  iL  374^ 

Pallas,  on  the  influence  of  domestica- 
tion upon  the  sterility  of  intercrossed 
species,  L  32,  86,  202,  iL  88;  hypo- 
thesis that  variability  is  wholly  due 
to  crossing,  L  197,  398,  iL  237,  252  ; 
on  the  origin  of  the  dog,  i.  16;  varia- 
tion in  dogs,  L  34 ;  crossing  of  dog 
and  jackal,  L  25 ;  origin  of  domestic 
cats,  i.  46 ;  origin  of  Angora  cat,  i. 
47;  on  wild  horses,  L  55,  63;  on 
Persian  sheep,  L  98 ;  on  Siberian  fat- 
tailed  sheep,  ii.  269;  on  Chinese 
sheep,  ii.  306 ;  on  Crimean  varieties 
of  the  vine,  L  353 ;  on  a  grape  with 
rudimentary  seeds,  iL  306 ;  on  feral 
musk-ducks,  U.  20;  sterility  of  Al- 
pine plants  in  gardens,  iL  147 ;  seleo* 
tion  of  white-Uiled  yaks,  U.  190. 

Paxtas,  feral  cattle  on  the,  L  89. 
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11943. 
FAxaEaum,  hjpotliMt  o^   U.  349- 

399. 
Famcumj  Mcds  oi;  used  u  food,  L  326 ; 

found  in  tht  Swin  lake-dwellinn,  i. 

335. 
Paxst,  i.  391-393. 
Pappto,  abortion  of  the,  in  driAamMs, 

ii.  307. 
ParadojiuruM,  fterilitj  of  speciat  of,  in 

captiTitj,  ii.  134. 
Pabaouat,  oats  of,  L  48 ;  cattle  of,  i. 

92 ;  honet  of,  ii.  80;  dogt  of,  Urid, ; 

black-ekinned  domeatic  fowl    oi^   i 

243. 
PARJMLLEL  Tariation,  ii.  341-345. 
Paramob,  W00II7  pigs  of,  i.  81. 
Pabasiteb,  liability  to  atUcks  of,  de- 

pendent  on  colour,  ii.  213. 
Pariah  dog,  with  crooked  legs,  i.  17 ; 

resembling  the  Indian  wolf,  i.  25. 
Parubt,  inheritance  of  handwriting,  ii. 

6. 
Paritiam    MouspiSj    bud*Tariation,    i. 

402. 
Parker,  W.  K.,  number  of  rertebrs  in 

fowls,  i.  280. 
Parkuvsok,  Mr.,  Tarietics  of  the  hya- 
cinth, i.  394. 
Parktni,    MAMOiEiiD^    on     CohmAa 

gvmeoj  L  192. 
Parmektier,  differences  in  the  nidifi- 

cation  of  pigeons,  L  188;  on  white 

pigeons,  ii.  215. 
PABBOn,  general  sterility  of,  in  con- 

iinement,  ii.  138;  alteration  of  plu- 
mage of,  ii.  269. 
Parsmip,  reyersion  in,  ii.  34 ;  influence 

of  selection  on,  ii.  185 ;  experiments 

on,  ii*  267;    wild,  enlargement  of 

roots  of,  by  cultiration,  i.  344. 
PARTHENOOEHE8I8,  ii.  352,  356. 
Partridoe,  sterility  of,  in  captirity, 

ii.  139. 
Parturitior,  difficult,  hereditary,  i. 

452. 
Panu  mc^or,  ii.  216. 
Poitiflcra,  self*impotence  in  species  of, 

ii.  118, 119;  oontabescenoe  of  female 

organs  in,  iL  150. 
Pussiflora    alata,    fertility    of,    when 

grafted,  ii.  172. 
Pastrama,  Julia,  peculiaritiei  in  the 

hair  and  teeth  of,  ii.  321. 


Pasturb  and  eUmate,  adaptation  cf 
breads  of  sheep  to,  i.  99,  100. 

Pataoonia,  crania  of  pigs  from,  i.  8t. 

Pataqoniak  rabbit,  i.  110. 

Paterion,  R.,  on  the  Arrindy  silk* 
moth,  ii.  296. 

Paul,  W.,  on  the  hyacinth,  i.  394, 395 ; 
Tarietiea  of  pelargoniums,  L  403; 
weakness  of  transmission  in  holly- 
hocks, ii.  42 ;  improrement  of  pelar« 
goniums,  ii.  201. 

Ptmo  erutahtt  and  m¥ticM$,  hybrids  of,  L 
306. 

Paco  nigripemiit,  i.  305-307. 

"  Pavodotteh-Taubb,"  i.  148. 

Peach,  i.  357-365 ;  derired  from  the 
almond,  i.  357;  stones  of,  figured, 
358;  contrasted  with  almonds,  i. 
359 ;  double-flowering,  i.  358,  359, 
364 ;  hybrids  of,  i.  360 ;  persistency 
of  races  of,  ibUL ;  trees  producing 
nectarines,  ibid.;  rariation  in,  i.  363, 
364,  ii.  243;  bud-Tariation  in,  i. 
398;  pendulous,  i.  461;  rariation 
by  selection  in,  ii.  203;  peculiar 
disease  of  the,  iL  213 ;  glands  on  the 
leaTsa  of  the,  ii.  217 ;  antiquity  of 
the,  ii.  299;  increased  hardiness  of 
the,  Aid.;  rarieties  of,  adapted  for 
forcing,  ii.  301;  yellow-fleshed, 
liable  to  certain  diseases,  ii.  330. 

Pkach-almohd,  i.  359. 

Peafowl,  origin  of,  L  305 ;  japanned 
or  black-shouldered,  i.  305-307; 
feral,  in  Jamaica,  i.  199;  compara- 
tire  fertility  of,  in  wild  and  tame 
states,  ii.  91,  256 ;  white,  ii.  326. 

Pears,  i.  372 ;  bud-rariation  in,  i.  401 ; 
rerersion  in  seedling,  ii.  4 ;  inferiority 
of,  in  Pliny's  time,  ii.  200;  winter 
nelis,  attacked  by  aphides,  ih  217 ; 
soft-barked  varieties  of,  attacked  by 
wood-boring  beetles,  ii.  217 ;  origina- 
tion of  good  Tarieties  o^  in  woods, 
ii.  242 ;  Forelle,  resistance  of,  to 
frost  ii.  297. 

Peas,  'i.  345-849;  origin  of,  i.  345 
Tarieties  of,  i.  345-349 ;  found  in  Swiss 
lake-dwellings,  i.  335, 337,  345-349 ; 
fruit  and  seeds  figured,  i.  347 ; 
persistency  of  Tarieties,  i.  348 ;  inter- 
crossing of  Tarieties,  i.  349,  428,  ii. 
110 ;  effect  of  orocsing  on  the  female 
organs  in,  i.  429 ;  doable-flowaredy  ii. 
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i5S;  Baturity  o^  acceleratad  by 
■elect  MN^  ii.  185 ;  Tarietiei  of,  pro- 
duoed  bv  iclectioa,  iL  203;  tbia- 
•belled,  liable  to  tbe  attacki  of  bink, 
IL  216 ;  r«Tenioa  of,  by  Ibe  tcrmiaal 
■^  in  tbe  pod,  iL  339. 

PbOOabt,  breeding  of  tbe,  in  ceptiTitj, 
iL  1H3. 

Pbdiorbeb  of  boneSfCettle,  grejbonnda, 
game-cock*,  and  pin,  L  447. 

P>»n,  cats  of,  L  49 ;  bones  of^  L  56. 

PfiULROOHiUMS,  multiple  origin  of,  L 
39S ;  sonei  of,  L  890 ;  bttd-rariaUon 
in,  L  402 ;  Tariegation  in,  accom- 
panied by  dwarting,  i.  409 ;  p^ lorixm 
in,  iL  150,  337 ;  by  rerenion,  iL  33 
adrantage  of  cbange  of  aoil  to,  iL  1 29 
improvement  of^  by  Mlection,  iL  201 
ffcorcbing  of,  ii.  214;  numbers  of, 
raised  from  seed,  iL  221 ;  eflects  of 
conditions  of  life  on,  iL  263 ;  store- 

.  rariety  ot,  iL  301 ;    correlation  of 

.  contracted  leares  and  flowers  in,  iL 
324,  325. 

Pelargonium  fvlgidmn,  conditions  of 
fertility  in,  iL  147. 

'  Pklon  Eft,"  a  Columbian  breed  of  cattle, 
L  92,  212. 

pKLoaiO  flowers,  tendency  of,  to  ae- 
quire  tbe  normal  form,  iL  46;  fer- 
tility or  sterility  of,  iL  150,  151. 

pKLORic  mces  of  Gloxinia  tpeoiota  and 

'    AfUirrhinU'n  maj'u9j  i.  389. 

Pelorisx,  iL  32-34,  337,  338. 

Pelvis,  characters  of,  in  rabbits,  i.  128 ; 
in  pigeons,  L  176 ;  in  fowls,  L  281 ; 
in  ducks,  i.  298. 

•^EMBaoKB  cattle,  i.  84. 

•>£MDUU>U8  trees,  L  385,  iL  340 ;  un- 
certainty of  transmission  of,  L  461, 
462« 

?KNODiN  ducks,  i,  294,  296 ;  hybrid  of 

.  the,  with  the  Egyptian  gooee,  L 
296. 

Pennant,  production  of  wolf-ltke  curs 
at  Fochabers,  L  39 ;  on  the  Duke  of 
Queensberry  s  wild  cattle,  L  88. 

PeMMisffium,  seeds  of,  used  as  food  in 
the  Punjab,  L  326. 

Penniactum  distichumy  seeds  of,  used  as 
food  in  Central  Africa,  L  326. 

Pjbbcival,  Mr.,  on  inheritance  in  horses, 
L  455;  on  horn-like  processes  in 
bones,  L  52. 


Pcrdix  mbrOf  occasional  ftrtOlty  e^  la. 

capiiTity,  iL  139. 
Peeiod  of  actiin  of  causae  of  Tanability, 

U.  257. 
Periostbitm  of  a  dog,  producing  bone 

in  a  rabbit,  iL  365. 
Periwinkle,  sterility  vi,  in  England^ 

iL  158. 
Persia,  estimation  of  pigeons  in,  L  215 ; 

carrier  pigeon  of,  L  148;   tumblet 

pigeon  of,  L  156;  cato  of,  L  47-49; 

sheep  of^  L  102. 
Persistenob    of    colour    in    bones, 

L  53;    of   generic  peculiarities,    L 

114. 
Peru,  antiquity  of  maise  in,  L  338; 

peculiar  potato  from,  L  350 ;  selection 

of  wild  animals    practised   by   the 

Incas  of,  ii.  191,  192. 
*'  Peeugken-Taube,"  L  161. 
Pktaia,    rudimentary,  in    cultiTated 

planta,  iL  307 ;  producing  poUen,  ii. 

387.  ^ 

Petunias,    multiple    origin     of;    U 

388. 
Peyeitboh,  Dr.,  vegetable  teratology^ 

iL32. 
**  Ppadbm-Taube,"  L  153. 
Phalignop$i$,  pelorism  in,  iL  338L 
PiiALANOES,  deficiency  o<;  iL  49. 
Pkap$  ch'iloopiera,  iL  342. 
Phateolmi  muUi/lonu,  iL  300,  314^ 
Ph'aeolu$  vuigarii,  L  350,  iL  300. 
Phasianui  pictu9,  L  289. 
Phasiamu  amherwUm,  L  289. 
Pheasant,  assumption  of  male  plumage 

by  the  hen,  ii.  26 ;  wildness  of  hybrida 

o^  with  the  common  fowl,  iL  19 ; 

prepotency  of  the,  over  tbe  fowl,  iL 

43;  diminished  fecundity  of  the,  in 

captivity,  iL  139. 
Pheasantb,  golden  and  Lady  Amherst's, 

L  289. 

PlIEASANT-fX)WLB,  1.  256. 

Philipeaux,  regeneration  of  limbe  in 

the  salamander,  ii.  359. 
Philippae,  on  the  Tarieties  of  wheat,  L 

332. 
Phiuppinb  Islands,  named  breeds  of 

game  fowl  in  the.  L  243. 
Philups,  Mr.,  on  bod-Tariation  in  t^ 

potato,  L  411. 
Phlox,  buc  %ariation  by  suckers  13^  k 

410. 
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PtaTHmit  Affection  of  tho  fiagtn  in,  iL 
32<>. 

I*lirLLOZESA,  i.  354. 

PlCKEBiMa,  Dr.,  on  the  granting  Toice 
of  hamped  cattle,  i.  83 ;  occnrrence 
of  the  head  of  a  fowl  in  an  ancient 
iLgjptian  procession,  L  258 ;  seeding 
of  ordinaril J  seedless  frnits,  ii.  152 ; 
extinction  of  ancient  Egyptian  breeds 
of  sheep  and  oxen,  iL  421 ;  on  an 
ancient  Pernrian  gonrd,  ii.  425. 

PiooTBEB,  effect  of  conditions  of  life  on, 
ii.  263. 

PiCTET,  A.,  oriental  names  of  the  pigeon, 
i.  21.5. 

PlCTET,  Prof.,  origin  of  the  dog,  i.  15; 
on  fossil  oxen,  i.  85. 

Piebalds,  probably  due  to  rerersion,  iL 
11. 

PiETREMEirr,  H.,  on  the  ribs  of  horses, 
L52. 

PiGEAUX,  hybrids  of  the  hare  and 
rabbit,  iL  135. 

PfQEOS  k  crarate,  L  156. 

PiOEON  bagadais,  L  149, 150. 

PiOKON  ooqnille,  i.  163. 

Pigeon  cygne,  L  150. 

Pigeon  heort^  L  163, 

Pigeon  pattn  plongenr,  L  164. 

Pigeon  polonais,  L  151. 

Pigeon  romain,  L  149.  150. 

Pigeon  tambonr,  i.  162. 

Pigeon  tare,  i.  146. 

PjGFX>Na,  origin  of,  L  137, 140, 189-214 ; 
classified  table  of  breeds  of,  L  142 ; 
pouter,  L  143-145;  carrier,  i.  146- 
149;  runt,  L  149-151;  barbs  L 
151-153;  fiintail,L  153-155;  turbit 
and  owl,  L  156  ;  tumbler,  L  156-161 ; 
Indian  frill-back,  L  161;  Jacobin, 
ibid.;  trumpeter,  L  162;  other  breeds 
of,  L  163-165 ;  differences  of;  equal 
to  generic,  L  166;  indiridual  yaria- 
tions  of,  i.  167-169 ;  rariubility  of 
peculiarities  characteristic  of  breeds 
in,  L  169;  sexual  Tariability  in,  L 
170,  171:  osteology  of,  L  171-177; 
correlation  of  growth  in  L  177-180, 
iL  313;  young  of  some  varieties 
naked  when  hatched,  L  179,  ii.  326 ; 
effects  of  disuse  in,  i.  180-167  ;  set- 
tling and  roosting  in  trees,  L  190 ; 
floating  in  the  Nile  to  drink,  i/nd. ; 
doreoot.  L  194,  195 ;  arguments  for 


nsiy  of  origin  ct,  I  197-214 ;  feral, 
in  7ariovs  places,  i.  199,  iL  7 ;  unity 
of  coloration  in,  L  204-206 ;  roTersion 
of  mongrel,  to  coloration  of  C,  UviOf 
L  207-214;  history  of  the  cnltiTaticn 
of;  L  215-217 ;  history  of  the  princi- 
pal races  of,  L  217-222;  mode  of 
production  of  races  of,  L  222-235; 
roTersion  in,  iL  22 ;  by  age,  iL  14 , 
produced  by  eroesing  in,  iL  14,  22; 
prepotency  of  transmission  of  cha- 
racters in  breeds  oi;  iL  41,  42;  sexual 
differences  in  some  Tarieties  oi;  iL  50 ; 
period  of  perfect  plumage  in,  iL  53 ; 
effect  of  segregation  on,  iL  63 ;  pre* 
ferent  pairing  of,  within  the  same 
breed,  iL  81 ;  fertility  of,  increased  by 
domestication,  iL  90,  138;  effects  of 
inter-breeding  snd  necessity  of  cross- 
ing, ii.  106 ;  indifference  of,  to  change 
of  climate,  iL  144 ;  selection  of,  ii. 
79,  183,  188;  among  the  Romans, 
iL  187  ;  unconscious  selection  of,  ii. 
196,  198;  facility  of  selection  nf,  ii. 
220;  white,  liable  to  the  attacks  of 
hawks,  iL  215;  effecta  of  disuso 
of  parta  in,  iL  288 ;  fed  upon  meat, 
ii.  294 ;  effect  of  first  male  upon  the 
subseqcent  progeny  of  the  female^ 
L  437 ;  homology  of  the  leg  and  wing 
feathers  in,  iL  815;  union  of  two- 
outer  toes  in  feather-legged,  ibUL; 
Ci^rrelation  of  beak,  limbs,  tongue,, 
and  nostrils,  iL  316;  analogous 
Tariation  in,  iL  341,  342 ;  permanence 
of  breeds  of,  iL  425. 
Pios,  of  Swiss  lake-dwellings,  L  71 ; 
types  of,  derired  from  Sua  mrofa  and 
iS'Mt  tiMf  jc-MS,  L  68-70 ;  Japanese  (£tM 
pUiAotpty  GrayX  figured,  L  72;  of 
Pacific  Islands,  L  73,  iL  64 ;  modifica- 
tions of  skull  in,  i.  72-75 ;  length  o/ 
intestines  in,  L  77,  ii.  293 ;  period  of 
gestation  of,  L  77 ;  number  of  Yerte- 
brse  and  ribs  in,  9m.L;  anomalous 
forms,  L  76, 79 ;  dcTelopment  ol 
tusks  and  bristles  in,  L  79 ;  strijied 
young  of,  i.  80;  reyersion  of  feral, 
to  wUd  type,  L  80,  81,  ii.  7,  22 ; 
production  and  changes  of  breeds 
of,  by  inter-crossing,  L  82;  effects 
produced  by  the  first  male  upon 
the  subsequent  progeny  of  the 
female,  L  436 ;  pedigrees  of; :.  447  ; 
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polj^dactvUsm  in,  i.  459;  crost-re- 
▼•nfeii  in,  U.  8;  hfbrid,  wildnets 
of,  U.  19;  dittppeutUMt  of  tusks 
IB  male  amier  domestication,  ii. 
50;  iolid-hoofed,  iL  424;  crosses  of, 
it  70,  73 ;  mutual  fertility  of  all 
▼arieties  otf  iL  89 ;  incraased  fertility 
by  dmicsticatioii,  iL  90 ;  ill  effecU  of 
dose  interbreeding  in,  iL  100,  101 ; 
influence  of  selection  on,  iL  182; 
prejudice  against  certain  colours  in, 
ii.  194,  214^  330;  unconscious  selec- 
tion of,  U.  199;  black  Virginian,  iL 
212,  330;  similarity  of  the  best 
breeds  of,  ii.  227  ;  change  of  form  in, 
iL  269 ;  effects  of  dittuae  of  parts  in, 
iL  289 ;  ears  of,  ii.  291 ;  correlations 
in,  iL  320;  white  buck-wheat  in- 
jurious to,  iL  331;  tail  oi^  grafted 
upon  the  back,  iL  365 ;  extinction  of 
the  older  races  of,  IL  421. 
PiMBirrA,  il.  68. 

PlMPKHHEli,  iL  173. 

PiVB-APPLB,  sterility  and  Ttriability 
of  the,  iL  256. 

PiVK,  Chinese,  314. 

PiHKi,  bud-yariation  in,  L  406;  im- 
proTement  of,  iL  201. 

Pmui  jmnulio,  mughm,  and  nana,  ▼arie- 
ties of  P.  tyivettru,  i.  887. 

Pinui  tyiveitru,  L  386,  iL  300; 
hybrids  of,  with  P.  ni/rioant^  iL 
111. 

PiORBT,  on  hereditary  disease,  L  451, 
ii.  54. 

Putada  leiUiMMB,  iL  264. 

Pittaaa  veroj  L  431. 

PiSTiLi,  rudimentary,  in  cnltintted 
pUnU,  ii.  307. 

PuTOB,  sterility  of  some  mongrel 
pigeons,  L  202 ;  fertility  of  pigeons, 
iL  91. 

Piincin  arven$e  and  aaiimtm^  i.  345. 

PiTTRiASiB  Tersioolor,  inheritance  of, 
ii.  55. 

Planchon,  G.,  on  a  fossil  rine,  L  352 ; 
sterility  of  Juuiaa  gramUfiora  in 
France,  11.  154. 

PLA.NB-TBEB,  Taristy  of  the,  L  386. 

PLANTIQRADE  caroivora,  general  ste- 
rility of  the,  in  captivity,  ii.  134. 

Plants,  progress  of  cultivation  of,  i. 
322,  329;  cultivated,  their  geogra- 
phioil  deriration,  L  328;   crossing  I 


of,  it  76,  107;  comparatiTS  fcr- 
tility  of  wild  and  cultivated,  iL  91  r 
self-impotent,  iL  112-122;  dimoi^ 
phio  and  trimorphic,  ihid,;  sterility 
of,  from  changed  conditions,  iL  146-- 
149 ;  from  contabesceace  of  anthers, 
ii.  149,  150;  from  monstrosities,  ii. 
150,  151;  from  doubling  of  the 
flowers,  iL  151,  15:<;  from  seedless 
fruit,  iL  152;  from  ezceNsiTs  de» 
velopment  of  vegetative  organs,  ii. 
152-155;  influence  of  selection  on, 
iL  18S-185;  variation  by  selecti<Ni, 
in  useful  parU  of,  iL  202-204; 
variability  of,  ii.  223;  variability  of. 
Induced  by  crossing,  ii.  252;  direct 
action  of  change  of  climate  on,  ii. 
266 ;  change  of  period  of  vegetation 
in,  iL  295;  varieties  of,  suitable  to 
diflivent  climates,  ii.  296 ;  correlated 
variability  of,  ii.  323-325 ;  antiquity 
of  rices  of,  ii.  425. 

Plabticxtt,  inheritance  of,  iL  227. 

Plat&au,  F.,  on  the  vision  of  amphi* 
bious  animals,  iL  208. 

Platea^a /UtHS,  iL  28. 

Plato,  notice  of  selection  in  breeding 
dogs  by,  iL  186. 

Plica  polonica,  iL  265. 

Plivt,  on  the  crossing  of  shepherd 
dogs  with  the  wolf^  L  24;  on  Pyr« 
rhus'  breed  of  cattle,  iL  186 ;  on  the 
estimation  of  pigeons  among  the 
Romans,  L  215 ;  pears  described  by^ 
U.  200. 

Plum,  L  366-368;  stones  figured,  L 
366 ;  varieties  of  the,  L  367,  368 ;  iL 
204;  bud-variation  in  the,  L  399; 
peculiar  disease  of  the,  iL  213; 
flower-buds  ot,  destroyed  by  bulU 
finches,  iL  217 ;  purple-fruited,  liable 
to  certain  diseases,  iL  330. 

Pldv AGB,  inherited  peculiarities  of,  im 

f»geons,  L   169,  170;   sexual   pecii- 
iarities  of,  in  fowls,  L  263-268. 
Pliteautt  of  races,  Pouchet's  views 

on,  L  2. 
PoOf  seeds  o^  used  as  food,  L  326; 

species  of,  propagated  by  bulblets,  ii. 

154. 
PoDOUAN  cattle,  i.  84. 
Pointers,    moaification    of,    L    44; 

crossed  with  the  foxhound,  iL  73. 
Pois  saui  parchemia,  iL  21K. 
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FORSAU,  origin  of  CifUmu  adcani,  I 
416 ;  origin  of  cnltlTmted  rarietlti  of 
frait-tree»,  il.  247« 

Polish  fowl,  i.  239, 203,  296, 269,  270, 
275;  slinll  figured,  I.  275 )  Mctlofi  of* 
ftknli  figured,  i.  277  ;  derelopment  of 
protnbmnct  of  sknll,  i.  262;   fur* 
cnlum  figured,  i.  28i. 

FousH,  or  Himalayan  rabbit,  i.  112. 

FDLLEir,  ii.  356,  357;  action  of,  ii. 
86;  injurious  action  of,  in  tome 
orchida,  ii.  115,  116;  resistance  of, 
to  injurious  treatment,  ii.  148 ;  pre- 
potency  of,  IL  171. 

Pollock,  Sir  F.,  transmission  of  Tarie- 
sated  leares  in  Baltota  mgra,  i.  409 ;  on 
local  tendency  to  Tariegatton,  il.  263. 

POLTASTUtTB,  i.  464. 

PoLTDAOrrusM,  inheritance  of,  L  457' 
459 ;  significance  of,  i.  460. 

Ponies,  most  frequent  on  islands  and 
mountains,  i.  54 ;  Javanese,  i.  56. 

Poole,  Col.,  on  striped  Indian  horses,  i. 
61,  62;  on  the  young  of  Awimu  ian^^ 
dicua,  ii.  17. 

POPLAB,  I^mbardy,  i.  885. 

PoPPiG,  on  Cuban  wild  dogs.  i.  28. 

POPPT,  found  in  the  SwLis  lake-dwell* 
ings,  i.  335,  337 ;  with  the  stamena 
converted  into  pistils,  i.  389;  differ- 
ences of  the,  In  different  parts  of 
India,  ii.  1 49 ;  monstrous,  fertility  ot^  ii. 
1 50 ;  black^eeded,  antiquity  of,  ii.  425. 

Porcupine,  breeding  of,  in  captivity, 
ii.  135. 

PORCUPINE  family,  L  448,  it  53. 

PcrphyrWy  breeding  of  a  spedes  ot^  in 
captivity,  ii.  140. 

Portal,  on  a  peculiar  hereditary  affeo* 
tion  of  the  eye,  i.  454. 

Porto  Santo,  feral  rabbits  of;  i.  117. 

Portulaoa  oleraoeOy  il.  275. 

Potamocharus  petUciUatuay  ii.  133. 

Potato,  i.  350,  851 ;  bud-variation  by 
tubers  in  the,  L  410,  411;  graft- 
hybrid  of,  by  union  of  half-tubers,  i. 
420 ;  individual  self-impotence  in  the, 
ii.  118;  sterility  of,  it  153;  advan- 
tage of  change  of  soil  to  the,  iL  128. 

Potato,  sweet,  sterility  of  the,  in 
China,  ii.  153;  varieties  of  the, 
•     snitad  to  different  climates,  it  299. 

POUOHST,  M.,  his  views  on  plurality  of 
races,  i.  2. 


PotJTEB  pigeons,  1. 143-145 ;  fbrcclnai 

figured,  T.  176 ;  history  of,  i.  217. 
Powu^  Lord,  experiments  in  crossing 

bumped  and  English  cattle,  i.  86,  iL 

19. 
FOTNTER,  Hr.,  on  a  graft-hybrid  nee, 

1.  419. 
PRAIBIE  wolf,  i.  22. 
Pbeoocitt  of  highly-improved  breeds, 

ii.  313. 

PREFOTKNCr  of  polleu,  11.  171. 

Pkepotenct  of  transmission  of  charac- 
ter, ii.  40,  158;  in  the  Austrian 
emperors  and  some  Roman  families, 
ii.  40 ;  in  cattle,  ii.  40,  41 ;  in  sheep, 
ii.  41 ;  in  cats,  ibid. ;  in  pigeons,  ii.  41, 
42 ;  in  fowls,  ii.  42 ;  in  plants,  t5/dL ;  in 
a  variety  of  the  pumpkin,  i.  380; 
in  the  jackal  over  the  dog,  il.  4:i ;  in 
the  ass  over  the  horse,  ibid. ;  in  the 
pheasant  over  the  fowl,  ibid, ;  in  the 
penguin  duck  over  the  Egyptian 
goose,  ii.  44 ;  discussion  of  the  phe« 
nomena  of,  iL  44-47. 

Preboott,  Mr.,  on  the  earliest  known 
European  flower-garden,  ii.  202. 

pREflsURE,  mechanical,  a  cause  of 
modification,  iL  336,  337. 

PREVon  and  I>nmas,  on  the  employ^ 
ment  of  several  spermatozoids  to  fer- 
tilise one  ovule,  ii.  356. 

Preter,  Prof.,  on  the  effect  of  drcum* 
dsion,  i.  467. 

Price,  Mr.,  variations  in  the  structure 
of  the  feet  in  horses,  L  52. 

Prichard,  Dr.,  on  polydactylism  in  the 
negro,  L  458 ;  on  the  Lambert  family, 
ii.  53 ;  on  an  albino  negro,  ii.  214 ; 
on  Plica  polonica,  iL  266. 

pRnmoBE,  L  464;  double,  rendered 
single  by  transpUmtation,  iL  151. 

Prinmlaf  inter-crossing  of  species  of,  i. 
856 ;  contabescence  in,  iL  150 ;  *  hose 
in  hose,'  L  389;  with  coloured 
calyces,  sterility  of,  ii.  149. 

Primnda  ftneiMit,  variations,  L  394;  iL 
324 ;  reciprocally  dimorphic,  iL  113. 

Primula  verit,  L  464^  u.  87. 

Priimda  vufgariB^  L  464^  U.  87. 

PRINOE,  Mr.,  on  the  interHaroeslng  of 
strawberries,  L  374. 

Prinqbhbiii,  on  conjugation,  IL  353 

Proeifon,  sterility  of,  in  oaptivttr^  IL 
134. 
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PBOUViCMBflB,  iBGTMaad  hj  domaetica* 

tioB,  ti.  1^ 
PBOToaEOA,  reproduction  of  the,  U.  371. 
iVwiM  armmiaoOf  i.  ^63,  364S. 
iVwHH  avMMy  i.  368. 
jFViMitf  ocruM,  i,  368,  399« 
Prmmt  domuUoa^  i.  366. 
PrwMt  miiiitia,  i.  866^368. 
J^nrnm  spitwmtj  i.  366. 
pRuasiA,  wild  horses  in,  L  63. 
Ptittaata  entAooM,  ii.  138. 
Psitiacm  maooa,  ii.  138. 
Pw/dAm,  geaenl  eterilitj  ol^  in  eap* 

tirity,  ii.  140. 
PtARMiOAN  fowla,  i.  240. 
Pulex  penelrwu^  li.  365. 
PuMnciNS,  i.  380. 

PUNO  ponies  of  the  Cordillera,  i.  54. 
PU8£Y,  Mr.,  value  of  cross-bred  sheep,  ii. 

9V;  preference  of  hares  and  .rabbits 

for  common  lye,  Ii.  218. 
PoTBOiiB  and  Vertach,  rarieties  of  the 

poUto,  i.  350. 
Puvis,  effects    of   foreign    pollen   on 

apples,  L  AA2\  supposed  non-raria- 

bilitj  of  monotypic  genera,  iL  253. 
Pyrrkula  vHlgaris,  ii.  217;  assumption 

of  the  hen-plamage  by  the  male,  in 

confinement,  ii.  141. 
PrBBiiDS,  his  breed  of  cattle,  iL  186. 
J*yru$j  fastigate  Chinese  species  ci^  ii. 

266. 
Pynu  aoerboy  i,  369. 
Pyrut  aucupeuriOy  iL  216. 
Pyrus  oommuma^  i.  372,  40U 
Pynu  maha,  L  369,  401. 
J'ynu  paraditiaoa,  L  369. 
PyrMpraoox^  L  370. 

QcAOOA,  prerioos  impregnatioB  by,  L 
435. 

QuATBEFAOBB,  A.  DB,  on  the  burrowing 
of  a  bitch  to  litter,  L  28 ;  selection 
in  the  silkworm,  L  317 ;  dcTelopment 
of  the  wings  in  the  silkmoth,  i.  320, 
ii.  288  ^  on  varieties  of  the  mulberry, 
.i.  354 ;  special  raising  of  eggs  of  the 
silk-moth,  ii.  181 ;  on  disease  of  the 
silkworm,  ii.  213;  on  monstrosities 
in  insects,  it  257, 385 ;  on  a  change  in 
the  breeding  season  of  the  Egyptian 
goose,  iL  294;  fertilisation  of  the 
TefttdOf  ii.  356;  tendency  to  sinci- 
lanty  in  the  b«t  races,  ii.  227 ;  on 


hU  "toMr&afoA  vital,"  U.  35;  on  the 

independent  existence  of  the  aamal 

elements,  iL  352. 
QmercuM  cerria,  L  386. 
Qmroui  rolmr  and  pedimcmlaiaf  hybrids 

of,  IL  111. 
QuuiCB,  pears  grafted  on  the,  iL  246. 

Rabbitb,  domestic,  their  origin,  L  107  - 
109 ;  of  Meant  Sinai  and  Algeria,  i. 
109;  breeds  of;  L  109-116;  Hima- 
layan, Chinese,  Polish,  or  Russian,  L 
112-115,  iL  75;  feral,  L  116-120; 
of  Jamaica,  L  116;  of  the  Falkland 
Islands,  PAcU;  of  Porto  Santo,  L 
117-120,  iL  81,  269;  osteological 
characters  of,  i.  120-134;  discussioa 
of  modifications  in,  L  135-140 ;  on<s> 
eared,  transmiuion  of  peculiarity  of^ 
L  456 ;  reversion  in  feral,  ii.  6 ;  in 
the  Himalayan,  iL  15;  crossing  of 
white  and  coloured  Angora,  ii,  70; 
comparative  fertility  of  wild  and 
tame,  iL  90 ;  falsified  experiments  in 
interbreeding  of,  iL  100;  high-bred, 
often  bed  breeders,  ikid.;  selection 
of,  iL  188;  white,  liable  to  destrue- 
tion,  iL  215;  effects  of  disuse  of 
ports  in,  ii.  288;  skull  of;  afiected 
by  drooping  ears,  iL  291 ;  length  of 
intestines  in,  iL  293;  correlation  of 
ears  and  skull  in,  ii.  316, 317 ;  varia- 
tions in  skull  of,  iL  343 ;  periosteum 
of  a  dog  producing  bone  in,  »i. 
365. 

RACB-noBSS,  origin  of,  L  56. 

Races,  modification  and  formation  o^ 
by  crossing,  iL  73-77 ;  natural  and 
artificial,  iL  232 ;  Ponchet's  views  am 
plurality  of,  L  2;  of  pigeons,  L  211- 
222. 

RADOLTrrE,  W.  F.,  efiect  of  climat« 
and  soil  on  strawberries,  i.  376 ;  con 
stitutional    difierences    in    roses,  * 
391. 

RADXBHB^  L  345 ;  crossing  of;  iL  68 , 
varieties  of,  iL  202. 

Radlkofbb,    retrogressive    metamur 
phosis  in  mosses  and  alga,  iL  354. 

Rafabim,  M.,  bud-variation  and  reveu^ 
sion,  L  403. 

Rafflbb,  Sir  Stamfobd,  on  the  cTossiftp> 
of  Jsvanese  cattle  with  Bo9  atmdaiau, 
iL  191. 
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IUm,  gmt-like,  from  the  Cvm  at  Oood 

-   Hope,  ii.  41. 

Ramu,  M.,  on  appondagos  to  throat  of 
goat,  i.  106. 

Hanciiih,  hereditj  of  diicaaaa,  L  45U 

IIanob  of  gaUiBacaom  birda  on  the 
Hinalajra,  i.  249. 

Ramkb,  on  the  effecta  of  nae  and  diaoae 
of  organa,  ii.  285. 

RanMMCiahtB  fioarioy  ii.  154. 

iZamnicii/iif  r^pentf  U.  152, 

Rape,  i.  344. 

Bapkamu  oaudbivs,  L  345. 

Raphoamt  raphuniitrum,  i.  345. 

Jtaphamu  tatimu,  ii.  335. 

Raspberry,  jellow-fniited,  iL  216. 

Rattlbinake,  eiperimeats  with  poison 
ofthe,  ii.  279. 

Raven,  stomach  of,  affected  by  rege- 

'    table  diet,  ii.  292. 

RAWBOif,  A.,  self-impotence  in  hybrids 
of  GladioliUj  ii.  121, 122. 

R^  C>OMTE,  on  the  assumption  of  a 
yellow  colour  by  all  varieties  of  maixe, 
i.  339. 

Reaumur,  effect  of  confinement  upon 
the  cock,  ii.  27 ;  fertility  of  fowls  in 
most  climates,  ii.  144. 

BtoED,  Mr.,  atrophy  of  the  limbs  of 
rabbits,  consequent  on  the  destruc- 
tion of  their  nerves,  it  287. 

Regeneration  of  amputated  ports  in 
man,  i.  459 ;  in  the  human  embryo, 
fi.  857 ;  in  the .  lower  vertebrate, 
insects,  and  myriapoda,  ii.  358. 

Re-OBOWTH  of  amputated  joints,  iL 
357. 

Regnikr,  early  cultivation  of  the  cab- 
bage by  the  Celts,  i.  342 ;  selection 
practised  by  the  Celts,  ii.  187. 

REINDEER,  individuals  recognised  by 
the  Laplanders,  ii.  238. 

Reuses,  experiments  in  crossing  Ciftiius 
parpurmu  and  k^Mtmum,  i.  416 ;  910- 
dification  of  a  Thnmm  by  CEddwm, 
ii.  274. 

Relations,  characters  of^  reproduced 
in  children,  ii.  7. 

Renooer,  occurrence  of  Jaguars  with 
crooked  legs  in  Paraguay,  L  17; 
naked  dogs  of  Paraguay,  L  2f4,  32,  ii. 
70, 80 ;  feral  dogs  of  La  Plata,  i.  28 ; 

•    on  the  aguara,  L  27 ;  cats  of  Para- 

'    gnay,  L  48,a  63, 133;  dogs  of  Para- 


guay,  ii.  64;  feral  pigs  of  Bnenoe 
Ayres,  i.  80 ;  on  the  refusal  of  wild 
animals  to  breed  in  captivity,  iL  132 ; 
on  DioutylM  Ubiahu,  iL  133 ;  sterility 
of  plantigrade  camivora  in  captivity, 
iL  134;  on  Cavia  aperea,  ibid.; 
sterility  of  Ctbus  axara  in  captivity, 
iL  136 ;  abortions  produced  by  wild 
animals  in  captivity,  iL  142. 

Refsoduction,  sexual  and  asexual, 
contrasted,  iL  351 ;  unity  of  forms 
of,  iL  378;  antagonism  of,  to  growth, 
iL  379. 

Beaeda  oclorato,  self-sterility  of,  ii.  118, 
223. 

RETiNrnSy  pigmentary,  in  deaf-mntes, 
iL  322. 

Reuter,  Herr,  potato-grafting,  L 
422. 

Reversion,  ii.  1, 2, 368, 369, 390, 393~ 
399 ;  in  pigeons,  ii.  2 ;  in  cattle,  ii. 
3 ;  in  sheep,  ViidL  ;  in  fowLs,  iL  4 ;  in 
the  heartsease,  ibid. ;  in  vegetables, 
ibid. ;  in  feral  animals  and  plants,  ii. 
5-7;  to  characters  derived  from  a 
previous  cross  in  man,  dogs,  pigeons, 
pigs,  and  fowls,  ii.  7-9 ;  in  hyi'rids, 
iL  9;  by  bud-propagation  in  plants, 
iL  10-13;  by  age  in  fowls,  cattle, 
Im.,  iL  12, 13 ;  partial,  from  an  in- 
jury, iL  12 ;  caused  by  crossing,  iL 
13-25;  explained  by  latent  charac- 
ters, iL  2^-31 ;  producing  monstro- 
sities, iL  31;  producing  pelorio 
flowers,  ii.  32-34;  of  feral  pigs  to 
the  wild  type,  i.  81, 82 ;  of  supposed 
feral  rabbits  to  the  wild  type,  L  108, 
116, 118;  of  pigeons,  in  coloration, 
when  crossed,  L  206-213;  in  fowls, 
L  251-258;  in  the  silkworm,  L  318; 
in  the  pansy,  L  393;  in  a  pelargo- 
nium, i.  403;  in  Chrysanthemums, 
L  404 ;  of  varieties  of  the  China  roee 
in  St.  Domingo,  i.  406 ;  by  buds  in 
pinks  and  carnations,  L  407 ;  of  la- 
dniated  varieties  of  trees  to  the 
normal  form,  L  408;  in  variegated 
leaves  of  plants,  L  409 ;  in  tulips,  i. 
412 ;  of  suckers  of  the  seedless  bar- 
berry to  the  common  form,  L  410 ; 
by  buds  in  hybrids  of  TVopceoAon,  L 
425 ;  in  plants,  i.  442 ;  of  crossed 
peloric  snapdragons,  ii.  46 ;  analogous 
variations  due  to,  iL  340-diii 
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RfimoccBOS,  brMdlAg  in  captiTitj  ia 
India,  il.  132. 

Shododendrom,  hybrid,  ii.  253. 

JUkododendnm  ciiiahun,  ii.  267. 

£Aodudendr<m  dalktmakf,  «ff«ct  of  pol- 
len of  B,  miUalUi  vpon,  i.  431. 

£ibe8  groatuiaria,  I  376-378,  400. 

£ibes  mbnun,  i.  400. 

Bids,  number  and  characton  of,  in 
fowls,  i.  280 ;  cbaractara  of,  in  dncltt, 
i.  297, 298. 

RiCB,  imperial,  of  China,  ii.  189 ;  In- 
dian Tarieties  of,  iL  243 ;  rarioty  oH, 
not  requiring  water,  ii.  295. 

BiCHARDeoN,  u.  D.,  on  jaw^ppendafai 
in  Irith  pigs,  L  79;  management  of 
pigs  in  China,  i.  71 ;  oocurrenoe  of 
striped  young  in  Westphalian  pigs,  L 
80 ;  on  crossing  pigs,  iL  73 ;  on  in- 
terbreeding pigs,  ii.  102 ;  on  selection 
in  pigs,  ii.  178. 

BiCHARD60ir,  Sir  John,  obsenrationa  on 
the  resemblance  between  North  Ame- 
rican dogs  and  wolves,  L  21, 22;  on 
the  burrowing  of  woWes,  i.  28 ;  on 
the  broad  feet  of  dogs,  woWes,  and 
foxes  in  North  America,  i.  42;  on 
North  American  horses  scraping  awaj 
the  snow,  L  55. 

Ridnna,  annual  in  England,  ii.  295. 

BiEDEL,  Dr.,  on  the  **  Bagadotte " 
pigeon,  L  148;  on  the  Jacobin  pi- 
geon, i.  162;  fertility  of  hybrid 
pigeons,  i.  201 ;  circumcision,  L  467. 

BiLEY,  on  Phylloxera,  L  354. 

BiNDERPEBT,  IL  373. 

BiNTOUL,  Mr.,  potato  -  grafting,  L 
421. 

Biaso,  on  varieties  of  the  orange,  L  357, 
ii.  298,  324. 

BiVESS,  Lord,  on  the  selection  of  grey- 
hounds, ii.  221. 

BiVERS,  Mr.,  persistency  of  charactars 
in  seedling  potatoes,  i.  351 ;  on  the 
peach,  i.  357,  359;  persistency  of 
I  loes  in  the  peach  and  nectarine,  i. 
360,  361;  connection  between  the 
peach  and  the  nectarine,  L  361 ;  per- 
sistency of  character  in  seedling 
apricots,  i.  366 ;  origin  of  the  plum, 
iiid.;  seedling  varieties  of  the 
plum,  i.  367;  persistency  of  cha- 
racter in  seedling  plums,  L  368; 
bad-variation  in  the  plum,  L  399; 


plum  attacked  bv  bttll6nches,  ii* 
217 ;  seedling  apples  with  snrftcv 
roots,  i.  811;  variety  of  the  npplt 
found  in  a  wood,  ii.  247;  on  roees, 
L  390,391;  bod-variation  in  rosea, 
L  404-406 ;  production  of  Provence 
roses  from  seeds  of  the  moss-rose,  L 
405 ;  eifect  produced  by  grafting  on 
the  stock  in  jessamine,  i.  418 ;  in  the 
ash,  ibid. ;  on  grafted  hasels.  i.  419; 
hyMdisation  of  a  weeping  thorn,  i. 
461;  experiments  with  the  seed  m 
the  weeping  elm  and  ash,  i.  46'J; 
variety  of  the  cherry  with  curled 
petals,  iL  218. 

BiViloie;  reproduction  of  OndSaam  co- 
vemdiBMmmm,  iL  114. 

BoBEBTB,  Mr.,  on  inheritance  in  the 
horse,  i.  454. 

BoBEBTSOV,  Mr.,  on  glandular-leaved 
peaches,  L  364. 

BoBiMET,  on  the  silkworm,  L  317-^21, 
iL  181. 

HMmia,  ii.  264. 

BoBBOir,  Mr.,  deficiencies  of  half-bred 
horses,  L  455. 

BoBSOX,  Mr.,  on  the  advantage  of 
change  of  soil  to  plants,  iL  128,  129; 
on  the  growth  of  the  verbena,  iL 
263;  on  bro«'Ooli,  iL  301. 

Bock  pigeon,  measurements  of  the.  L 
140;  figured,  L  141. 

BODEVn^  sterility  of,  in  captivity,  ii. 
134. 

nodrigwxia,  iu  115,  116. 

BODWEix,  J.,  poisoning  of  horses  by 
mildewed  tares,  ii.  331. 

BoHiLOQND,  feral  humped  cattle  in,  i. 
83. 

BoLLB,  F.,  on  the  history  of  the  peach, 
ii.  299. 

BoLLEB-piOBDira,  I>u,.ch,  L  158. 

BoujEBTOir,  Prof,  inherited  effects  of 
injuries,  L  469;  incisor  teeth  af- 
fected in  form  in  cases  of  pulmonary 
tubercle,  iL  325. 

BOMANEB,  on  sternum  of  the  fowl,  i, 
288 ;  rudimentary  organs,  ii.  309. 

BOMANS,  estimation  of  pigeons  by,  L 
215 ;  breeds  of  fowls  possessed  by,  I. 
243,  258. 

Books,  pied,  iL  53. 

Boaa,  cultivated  species  of,  L  890. 

Bota  dtwmiamaf  graft-hybrid  prod«oal 
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It,  «a  tlM  whiu  IVankriaa  rott,  i. 

4  19. 

Bo9J  mdioa  uni  emUi/oUa^  fertile  hybridi 
of,  i.  390. 

R^y*^  spinodBuma^  kUtorj  of  the  cultare 

of,  I.  391. 
.EiMELUNi,  on  Efi^ptiftii  doj^  i.  17. 

&4MGB,  i.  390,  391;  origin  of;  i.  388; 
bud-Tariation  in,i.  404-406;  Scotch, 
doubled  bj  telection,  U.  185;  oon- 

-  tinuoos  variation  ot,  ii.  228 ;  effect 
of  seasonal  conditions  on,  iL  263; 
noisette,  ii.  299;  galls  of,  ii.  274. 

Roes,  Dr.,  on  Pangenesis,  ii.  350,  377. 

Rou£3r2iAi8,  rabbit,  i.  109. 

RouJOU,  polydactylism,  and  arrested 
development,  i.  458. 

ROUUN,  on  the  dogs  of  Jnan  Femandei, 
i.  27 ;  on  South  American  cats,  i.  48; 
striped  young  pigs,  i.  80 ;  feral  pigs 
in  South  America,  i.  81,  ii.  7 ;  on 
Columbian  cattle,  i.  92,  ii.  189,  212 ; 
effects  of  heat  on  the  hides  of  cattle 
in  South  America,  i.  95;  fleece  of 
sheep  in  the  hot  ralleys  of  the  Cor- 
dilleras, i.  102  ;  diminished  fertility 
of  these  sheep,  ii.  145;  on  black- 
boned  South  American  fowls,  i.  271 ; 
rariationof  the  guinea-fowl  in  tropical 
America,!.  310;  frequency  of  striped 
legK  in  mules,  ii.  16;  gee«ein  Bogiita, 
ii.  145;  sterility  of  fowls  introduced 
into  Bolivia,  ii.  145. 

BOT,  M.,  on  a  rariety  of  Magnolia  gran- 
dijloray  ii.  299. 

RorLE,  Dr.,  Indian  Tarieties  of  the  mul- 
berry, i.  354 ;  on  Agatt  vivipara,  ii. 
153;  rariety  of  rice  not  requiring 
irrigation,  ii.  295;  sheep  from  the 
Cape  in  India,  it  296. 

JiiAuty  pollen  of,  ii.  256. 

Rudimentary  organs,!.  12,  ii.  306-310. 

Rupz  DB  Lavison,  extinction  of  breeds 

'    of  dogs  in  France,  ii.  421. 

RuiiiNAirPS,  general  fertility  of,  in  cap- 
tivity, iL  133. 

RuMPLGSB  fowls,  L  241. 

Runts,  i.  149-151 ;  history  of;  L  220 ; 
lower  Jaws  and  skull  figured,  L  173. 

RuBSELiii,  Lord  A.,  spiegelcarpe,  ii.  222. 

Russian  or  Himalayan  rabbit,  L  112. 

Rt^nMBTEB,  Prof.,  dogs  of  the  Neolithic 
period,  i.  19 ;  homes  of  Swiss  lake- 
dwellings,  i.  51 ;  divenit/  •#  early 
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domesticated  horsen,  i.  53 ;  pigsoftbt 
Swiss  lake-dwellingA,  i.  68,  71;  on 
humped  cattle,  L  83 ;  parentage  of 
European  breeds  of  cattle,  i.  84,  ii. 
423 ;  on  '<  MiaU  "  cattle,  i.  93 ;  sheep 
of  the  Swiss  lake-dwellings,  i.  97,  ii. 
423 ;  goaU  of  the  Swiss  lake-dwell- 
ings, i.  105 ;  absence  of  fowls  in  the 
Swiss  lake-dwellings,  i.  258;  on 
crossing  cattle,  ii.  76;  differences  in 
the  bones  of  wild  and  domesticated 
animals,  iL  268 ;  decrease  in  sise  of 
wild  European  animals,  ii.  427. 
Rtb,  wild,  De  Candolle's  observations 
on,  i.  330 ;  found  in  the  Swiss  lake- 
dwellingH,!.  337;  common,  preferred 
by  hares  and  rabbits,  ii.  218;  less 
variable  than  other  cultivated  plants, 
iL  241. 

Sabine,  Mr.,  on  the  cultivation  of  Fota 
tpinosissima,  L  391 ;  on  the  cultiv^* 
tion  of  the  dahlia,  i.  393, 394,  !L  249 . 
effect  of  foreign  pollen  on  the  seed- 
vessel  in  AmaryUis  vittata^  L  431. 

St.  Anor,  influence  of  the  pelvis  on  the 
shape  of  the  kidneys  in  birds,  ii.  3.36. 

St.  Domingo,  wild  dogs  of,  L  28 ;  bud- 
variation  of  dahlias  in,  L  411. 

St.  HiLAiRE,  Aug.,  milk  furnished  by 
cows    in    South    America,  ii.  290 
husked  form  of  maize,  L  339. 

St.  John,  C,  feral  cats  in  Scotland,  k 
49 ;  taming  of  wild  ducks,  i.  292. 

St.  Valery  apple,  singular  structure 
of  the,  i.  372,  artificial  fecundation 
ofthe,  L432. 

St.  Vitus'  Dance,  period  of  appearance 
of,  ii.  54. 

Saciis,  Prof.,  flow  of  sap,  ii.  286. 

Saoeret,  origin  and  varieties  of  the 
cherry,  L  368, 369 ;  origin  of  varieties 
of  the  apple,  i.  372;  incapacity  of 
the  cucumber  for  crossing  with  other 
species,  i.  38.^ ;  varieties  of  the  melon, 
P/iJ.;  supposed  twio-mongrel  melon, 
L  427;  crossing  melons,  iL86, 109;  on 
gourds,  ii.  86 ;  effects  of  selection  in  en- 
larging fruit,  iL  202;  on  the  tendency 
to  depart,  from  type,  ii.  228 ;  variaticn 
of  plants  in  particular  soiIa,  ii.  267. 

SalamaMDEr,  experiments  on  the,  ii. 
283,  357,  385;  regeneration  of  lost 
parUiBthe,iL357-359. 
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Salammira  critiata,  pol/dactjlism  m, 
i.  548. 

Saldburt,  Mr.,  on  the  production  of 
necUrinet  hj  po«ch*trees,  I.  361 ;  on 
the  dahlia,  i.  393,  394. 

SaiiXf  intercrossing  of  ■pedes  of,  i.  856. 

Balis  humilia,  galU  of,  ii.  272,  273. 

SAixi,  feral  guinea-fowl  in  St.  Domingo, 
I  310. 

Salmon,  early  breeding  of  male,  it.  379. 

Salter,  Mr.,  on  bad-rariation  in  pelar- 
gonioms,  L  403 ;  in  the  Chr^raan- 
themnm,  L  404 ;  transmission  of 
Tariegated  leares  bj  seed,  i.  409; 
bad-rariation  by  sncker*  in  PAAur,  1. 
410;  application  of  selection  to  bad- 
Tarieties  of  plants,  i.  443 ;  accnma- 
latiTe  effect  of  changed  conditions  of 
life,  ii.  249 ;  on  the  yariegation  of 
strawberry  leares,  ii.  264 ;  on  pollen 
within  ovules,  ii.  387. 

Saltkr,  S.  J.,  hybrids  of  Oalius  son- 
neratii  and  the  common  fowl,  i.  246, 
ii.  19 ;  crossing  of  races  or  species  of 
rats,  ii.  65. 

Salvin,  habits  of  the  jackal,  i.  25; 
mutilation  inherited  in  mot-mot,  L 
470. 

SAMESREUTSEEyOn  inheritance  in  cat^^e, 
i.  455. 

Sandford.  See  DAWK11C& 

Sanson,  M.,  origin  of  the  horse,  L  54 ; 
lumbar  vertebra  of  pigs,  i.  77. 

Sah,  ascent  of  the,  iL  286. 

Saponaria  calabrioa,  i.  463. 

Saporta,  on  Kstacia,  i.  431. 

Sardinia,  ponies  of,  i.  54. 

Sars,  on  the  deTelopment  of  the 
hydroida,  ii.  364. 

Satiation  of  the  stigma,  i.  434, 4.^5. 

Satumia  pyri,  sterility  oi^  in  confine- 
ment, ii.  141. 

Saui^  on  the  management  of  priie 
gooseberries,  i.  378. 

Sauviomt,  varieties  of  the  gold-fish,  L 
312. 

Savagbi^  their  indiscriminate  use  of 
plants  as  food,  i.  325-327 ;  fondness 
of,  for  taming  animals,  ii.  144. 

Savi,  effect  of  foreign  pollen  on  maize, 
i.  430. 

Saxifraga  gewn^  ii.  150. 

Sayzid  Mohammed  Morari,  :n  car- 
rier-pigcc&s,  i.    148;    on  a    pigeon 


which  utten  the  aonad  Tnlia,*  L 
163. 

SCANDEROONS  (pigeons)^  L  149,  150. 

Scania,  remains  o{  Bo»  frxmiomu  found 
in,  i.  85. 

Scapula,  characters  of^  in  rabbits,  L 
129;  in  fowls,  i.  2S2;  in  pigeons,  i^ 
177;  alteration  of,  by  disuaei  in 
pigeoQs,  i.  184. 

Scarlet  fever,  ii.  272. 

SciiAAFFHAUBEN  OR  the  horses  repre- 
sented in  Greek  statues,  ii.  198. 

ScuLElDEN,  eicess  of  nouriahment  a 
cause  of  variability,  ii.  244. 

SCHMBRLINO,  Dr.,  Varieties  of  the  dog 
found  in  a  cave,  L  19. 

SOHOMDUROK,  Sir  R.,  on  the  dogs  of 
Indians  of  Guiana,  L  20,  23,  iL  191 ; 
on  the  musk  duck,  i.  191 ;  bud- 
variation  in  the  banana,  L  401 ; 
reversion  of  varieties  of  the  China 
rose  in  St.  Domingo,  i.  406 ;  sterility 
of  tame  parrots  in  Guiana,  ii.  l-i8 ; 
on  Dtndrocygna  otcfiiafa,  ii.  140  j 
selection  of  fowls  in  Guiana,  iL  194. 

SCHREIDERS,  OR  ProkJ^  iL  287. 

SchOtze  on  the  Torfschwein,  L  71. 

Sciwrs/ptermt  vohtoeUa^  ii.  135. 

Sctunu  pclmanun  and  cmerea,  iL  135. 

ScLATCR,  P.  L.,  on  i4niiiis  temopw,  i. 
65.  iL  16 ;  on  Atiniu  miicus^  iL  17  * 
striped  character  of  yoang  wild  pigs, 
L  72 ;  osteology  of  QaUinmla  neioiia^ 
L  302 ;  on  the  black  •shouldered  pea- 
cock, L  .H05-007;  animals  breeding 
in  Zoological  Gardens,  iL  131 ;  birds 
breeding  in  Zoological  Gardens,  iL 
136;  on  the  breeding  of  birds  in 
capUvity,  ii.  136,  140. 

Soorcii  fir,  local  variation  of;  L  386. 

Scotch  kail  and  cabbage,  cross  between, 
ii.  76. 

SooTT,  John,  irregularities  in  the  sex 
of  the  flowers  of  maiie,  L  839 ;  bud-  ^ 
Tarintion  in  ImaiophyUmn  muUatmm, 
i.  411  ;  croSi<ing  of  species  of  VerboB^ 
CUM,  iL  84,  85;  self-«terility  of  Ver^ 
boacMin,  iL  118;  experiments  on 
crossing  Primukgf  ii.  87 ;  reprcnluc- 
tion  of  orchids,  iL  114;  fertility  of 
Oncidium  difxtHoatum,  iL  147;  aecH* 
matisation  of  the  sweet  pea  in  Indin^ 
iL  302 ;  number  of  seeds  in  ilctvymi 
and  Gmtgoroj  iL  373b 
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tOOPKi  OB  th«  Sootdi  deerhoand,  iL 
49, 100. 

ScuDDEH,  Dr.,  on  re-growth,  ii.  359. 

Cebbioht,  Sir  John,  effects  of  close 
inter-breeding  in  dogs,  ii.  199 ;  aire 
Uken  by,  in  selection  of  fowls,  iL  181. 

Atoale  osreale,  IL  241. 

Skdowigk,  W.,  effects  of  crossing  on  the 
female,  L  436;  on  the  **  Porcupine 
nun,"  i  448 ;  on  hereditary  diseases, 
i.  451 ;  hereditary  affections  of  the 
eye,  L  453,  iL  54 ;  inheritance  of  poly- 
dactyl  ism  and  anomalies  of  the  ex- 
tremities, i.  458,  459 ;  morbid  nni- 
ibrmity  in  the  same  family,  L  460 ; 
on  deaf-mntes,  L  466 ;  inheritance  of 
injary  to  the  eye,  L  469;  atarism 
in  diseases  and  anomalies  of  strnctnre, 

•  iL  8;  non-rerersion  to  night-blind- 
ness, ii.  10 ;  sexual  limitation  of  the 
transmission  of  peculiarities  in  man, 
iL  48,  49 ;  on  the  effects  of  hard- 
drinking,  iL  280;  inherited  baldness 
with  deticieney  of  teeth,  iL  319,  320; 
oocnrrenoe  of  a  molar  tooth  in  place 
of  an  incisor,  IL  375 ;  diseases  occur- 
ring in  alternate  generations,  iL  396. 

Sedillot,  on  the  remoral  of  portions  of 
bone,  iL  286 

Seem,  early  selection  ot,  iL  188;  mdi- 
mentary,  in  grapes,  iL  306  ;  relative 
position  of,  in  the  capsule,  iL  337. 

Seeds  and  buds,  close  analogies  of,  L 
444. 

Seemanv,  B.,  crossing  of  the  wolf  and 
Esquimaux  dogs,  L  22. 

Seoreoatiom  of  characters,  L  425, 439. 

Selbt,  p.  J.,  on  the  bud-destroying 
habits  of  the  bullfinch,  ii.  217. 

SELBcnOH,  iL  176-236 ;  methodical,  L 
224,  iL  178-195;  by  the  ancients 
and  semi-civilised  people,  ii.  185-195 ; 
of  trifling  characters,  iL  193-195; 
unconscious,  L  224^  227,  iL  158, 
195-202;  effects  of,  shown  by  differ- 
ences in  most  ralued  parts,  ii.  202- 
205;  produced  by  accumulation  of 
▼ariability,  iL  205-208;  natural,  as 
affecting  domestic  productions,  iL 
169-174,  209-219;  as  the  origin  of 
spedcs,  genera,  and  other  groups,  iL 
425-428;  circumstances  fitvourable 
to,  iL  219-226 ;  tendency  of,  towards 
uitremes,  iL  226-229;  possible  limit 


of,  U.  229 ;  influence  of  time  on.  IL 
230,  232 ;  summary  of  subject,  ii. 
234,  236 ;  effects  o^  in  modifying 
breeds  of  cattle,  i.  96 ;  in  preserving 
the  purity  of  breeds  of  sheep,  L 
103, 104 ;  in  producing  Tarieties  of 
pigeons,  L  222-229;  in  breeding 
fowls,  L  244,  245 ;  in  the  goose,  L 
305;  in  the  canary,  L  311 ;  in  the 
gold-fish,  L  312;  in  the  silkworm,  L 
316,  317;  contrasted  in  cabbages  and 
cereals,  L  341 ;  in  white  mulberry,  L 
854 ;  on  gooeeberries,  L  378 ;  applied 
to  wheat,  L  335,  336;  exemplified 
in  carrots,  &c.,  L  345 ;  in  potato,  L 
351 ;  in  the  melon,  L  383 ;  in  flower- 
ing plants,  L  388 ;  in  the  hyacinth,  i. 
395;  applied  to  bud-varieties  of 
plants,  L  443;  illustrations  of,  ii. 
41(^-424. 

Selectiok,  sexual,  IL  51. 

Self-impotekce  in  plants,  iL  112- 
122;  in  individual  plants,  iL  117- 
120;  of  hybrids,  iL  158. 

Selwtn,  Mr.,  on  the  Dingo,  L  26. 

Selts-Lonochamps,  on  hybrid  ducks, 
L  199,  iL  20,  140;  hybrid  of  the 
hook-billed  duck  and  Egyptian  goose, 
L296. 

Serinoe,  on  the  St.  Val^  applci  L  371. 

Serpent  melon,  L  383,  ii.  3*24. 

Serres,  Ouyier  de,  wild  poultry  in 
Guiana,  L  249. 

Sebamuv,  white-seeded,  antiquity  of 
the,  ii.  425. 

SettwiOf  found  in  the  Swiss  lake-dwell- 
ings, L  335. 

SETTEaAflT,  sheep  poisoned  by  buck- 
wheat, iL  331. 

SETTERf,  degeneration  of,  in  India,  L 
39 ;  Youatt's  remarks  on,  L  43. 

Sex,  secondary  characters  of,  latent,  ii. 
26,  27 ;  of  parents,  influence  of,  on 
hybrids,  ii.  255. 

Sexual  characters,  sometimes  lost  in 
domestication,  ii.  50. 

Sexual  limitation  of  characters,  iL47- 
51. 

Sexual  peculiarities,  induced  by  do* 
mestication  in  sheep,  i.  98  ;  In  towla, 
L  264-267  ;  transfer  of,  L  268-270. 

Sexual  rariability  in  pigeons,  L  169^ 
170. 

Sexual  selection,  ii.  51. 
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SlUDDOOK,  L  S55. 

Shailer,  Mr.,  on  the  moM-roM,  L  405. 

SiiAN  ponies,  striped,  i.  61. 

SiiANaHAi  fowls,  L  237. 

Shanghai  sheep,  their  leeuiditj,  L 
loi. 

Sheep,  disputed  origin  of,  i.  97 ;  earlr 
domestication  of,  i.  98 ;  large-Uiled, 
I  98,  102,  iL  269;  Tariations  in 
horns,  mamnue,  and  other  characters 
of,  i.  99;  seiual  characters  ol^  induced 
hj  domestication,  wMdL;  adaptation 
of,  to  climate  and  pasture,  i.  100, 
101 ;  periods  of  gesUtion  of,  i.  101 ; 
effect  of  heat  on  the  fleece  of,  L  102, 

103,  ii.  268;  effect  of  selection  on,  i. 
103-105;  ^'anoon^or  'hotter"  breeds 
of,  i.  104;   ^^Manchamp-merino,"  i. 

104,  105;  cross  of  German  and 
merino,  ii.  66 ;  black,  of  the  Taren- 
tiao,  ii.  212;  Karakool,  ii.  268; 
Jaffna,  with  callosities  on  the  kneeis 
ii.  292;  Chiniise,  ii.  306;  Danish,  of 
the  Bronse  period,  ii.  423 ;  poljdac- 
tjlism  in,  i.  459;  oocasionjtl  pro- 
duction of  horns  in  hornless  breeds 
of,  ii.  3 ;  rerer^on  of  colour  in,  UML  ; 
influence  of  male,  on  offspring,  ii.  45 ; 
sexual  differences  in,  ii.  49 ;  influence 
of  crossing  or  segr^ation  on,  ii.  63, 
73,  80,  81 ;  interbreeding  of,  ii.  98, 
99 ;  effect  of  nourishment  on  the 
fertility  of,  ii.  90;  ralue  o^  croes- 
bred,  ii.  99;  diminished  fertility 
of,  under  certain  conditions,  ii.  145 ; 
unconscious  selection  of,  ii.  198; 
natural  selection  in  breeds  of,  ii.  210, 
212;  reduction  of  bones  in,  ii.  228; 
individual  differences  of,  ii.  238; 
local,  changes  in  the  fleece  of,  in  Eng* 
land,  ii.  268 ;  partial  degeneration  of, 
in  Australia,  ibid. ;  correlation  of 
horns  and  fleece  in,  ii.  318;  feeding 
on  flesh,  ii.  293 ;  acclimatisation  o£ 
ii.  296;  mountain,  resistance  o^  to 
severe  weather,  iL  303 ;  white,  poi- 
soned hj  Hypericum  eria/mm,  iL  331. 

Sheep  dogs,  resembling  wolres,  L  34 ; 

mutilated  tail  inherited,  L  470. 
Shelu,  sinistral  and  deztral,  iL  28. 
Shirlet,  £.  P.,  on  the  fallow-deer,  tt. 

81,  99. 
StURaEVT,  Mr.,  new  rarietl  *s  of  wheat, 

L  332,  334;  on  crossing  wheat,  ii 


83;    Tmriability  of  whent,  L  «10i 
continons  variation  of  wheat,  IL  22S. 

Shobt,  D.,  hybrids  of  the  domestic  c«l 
and  Feli$  omota,  L  47. 

SlAM,  cats  of,  L  46 ;  horses  of,  L  59. 

Siberia,  northern  range  of  wild  horses 
in,  L  56. 

SWHKI^  J.,  on  the  deafness  of  white 
cats  with  blue  eyes,  IL  323. 

SiDNKT,  S.,  on  the  pedigrees  of  pigs, 
L  447 ;  on  croM-ireversion  in  pigs,  iL 
8 ;  period  of  gestation  in  the  pig,  L 
77 ;  production  of  breeds  of  pigs  by 
intercroesing,  i.  82,  ii.  73;  fertility 
of  the  pig,  iL  90;  effects  of  inters 
breeding  on  pigs,  iL  101-102;  on  the 
colours  of  pigs,  iL  195,  214. 

SfEDOLD,  on  the  sweet  potato,  iL  209. 

SiEBOLD,  Carl  vom,  on  parthenogenesis, 
ii.  353. 

SUene^  oontabcsrenoe  in,  iL  149. 

SiLK-POWLB,  L  242^  iL  42,  44. 

Silk-moth,  Arrindy,  iL  296,  803; 
Tarroo,  iL  141. 

Silk-moths,  L  316-^21 ;  domesticated, 
species  of,  L  316  ;  history  of,  L  317 ; 
causes  of  medification  in,  iVitL; 
difier^oes  presented  by,  L  317-321  • 
crossing  of,  ii.  76 ;  disease  in,  ii.  213 ; 
eflects  of  disuse  of  parts  in,  iL  288 ; 
selection  practised  with,  iL  181, 18  i ; 
yariation  of,  ii.  222;  parthenogenesis 
in,  ii.  357. 

Silkworms,  variations  of,  L  316-318; 
yielding  w4iits  cocoons,  less  liable  to 
disease,  ii.  330. 

Silyer-Grev  rabbit,  L  112,  114,  125. 

Simon,  on  the  raising  of  eggs  of  the 
silk-moth  Id  China,  iL  181. 

Simon Ds,  J.  B.,  period  of  maturity  in 
various  breeds  of  cattle,  L  90;  differ- 
ences in  the  periods  of  dentition  in 
sheep,  L  100 ;  on  the  teeth  in  cattle, 
sheept  &c.,  iL  313 ;  on  .  the  hreedicg 
of  superior  rams,  iL  180. 

Simpson,  Sir  J.,  regenerative  powei  of 
the  human  embryo,  iL  358. 

SirtdoHy  breeding  in  the  branchileroiis 
stage,  iL  379. 

Siskin,  breeding  in  captivity,  ii.  l.'t?. 

SiwUfitriunf  resemblsjiee  .of  the,  tc 
Niata  cattle,  i.  93. 

Size,  difference  of^  an  obstacle  to  cros— 
ing,  ii.  79. 
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Ikix,  and  iU  apptadagw,  homologous,  i 
ii.  317 ;  hereditary  all'ectioiu  of  the,  j 
ii.  55.  * 

Skikviho,  R.  S^  or  pigeons  settling  on 
trees  in  Egypt,  i.  190.  i 

Skull,  characters  of  the,  in  breeds  of 
dogs,  L  35 ;  in  breeds  of  pigs,  i.  74 ; 
in  rabbits,  i.  121-128, 135;  in  breeds 
of  pigeons,  i.  172,  173;  in  breeds  of 
fowls,  i.  273-279;  in  ducks,  L  296, 
297. 

Skcll  and  horns,  correlation  of  the,  ii. 
327. 

Skylark,  ii.  137. 

Sleeman,  on  the  cheetah,  ii.  133. 

&>LOE,  i.  366. 

Small-fox,  iL  372. 

Smiter  (pigeon),  i.  164. 

Smith,  Sir  A.,  on  Caffrarian  cattle,  i. 
91 ;  on  the  use  of  numerous  plants 
as  food  in  South  Africa,  i.  325. 

Smith,  Colonel  Hamilton,  on  the  odour 
of  the  jackal,  i.  31;  on  the  origrin  of 
the  dog,  i.  16;  wild  dogs  in  St. 
Domingo,  i.  28 ;  on  the  Thibet  mas- 
tiii  and  the  alco,  i.  29 ;  development 
of  the  fifth  toe  in  the  hind  feet  of 
mastiffs,  i.  37 ;  differences  in  the 
skull  of  dogs,  i.  35 ;  history  of  the 
pointer,  i.  44;  on  the  ears  of  the 
dog,  ii.  291 ;  on  the  breeds  of  horses, 
i.  51;  origin  of  the  horse,  i.  53; 
dappling  of  horses,  i.  58;  striped 
horses  in  Spain,  i.  61;  original  colour 
of  the  horse,  i.  63 ;  on  horses  scmping 
away  snow,  i.  .S6 ;  on  Askuu  Keniioiuu, 
ii.  17 ;  feral  pigs  of  Jamaica,  L  80, 
81. 

Smith,  Sir  J.  E.,  production  of  necta- 
rines and  peaches  by  the  same  tree, 
i.  361;  on  Viola  amcenoy  i.  392; 
sterility  of  Vmoa  minor  in  England, 
ii.  154. 

Smith,  J.,  development  of  the  ovary  in 
Bonatea  ^pectosa  by  irritation  of  the 
stigma,  i.  434. 

Smith,  N.  H.,  influence  of  the  bull 
**  Favourite**  on  the  breed  of  Short- 
horn cattle,  ii.  40. 

Smith,  W.,  on  the  intercrossing  of 
straa  berries,  L  372. 

Smakis-rat,  iL  64,  65. 

Skakes,  form  ef  the  Yisoera  in*  ii  836. 

Smapduaoom,  bud-Tariation  uiy  i.  407 ; 


non«inheritance  of  colour  in,  L  464 : 
peloric,  crossed  with  the  normal 
form,  ii.  46,  71;  asymmetrical 
variation  of  the,  ii.  314. 

Soil,  ailaptation  of  plums  to,  i.  368 ; 
influence  of,  on  the  zones  of  pelar* 
gouiums,  L  390;  on  roses,  i.  391  ;  on 
the  variegation  of  leaves,  L  409 ;  ad* 
vanbtges  of  change  of,  ii.  127-130. 

Soil  and  climate,  effects  of,  on  straw- 
berries, L  375. 

Sotamun,  non-intercrossing  of  species  of, 
ii.  68. 

SohnuH  tuberosum,  i.  350,  351,  410. 

Solid-hoofed  pigs,  i.  78. 

Solomon,  his  stud  of  horses,  i.  57. 

SoMERViLLE,  Lord,  on  the  fleece  of 
Merino  sheep,  i.  103 ;  on  crossing 
sheep,  ii.  99;  on  selection  of  sheep, 
ii.  179;  diminished  fertility  of  Merino 
sheep  brought  from  Spain,  ii.  1^5. 

Sooty  fowls,  i.  242,  209. 

Son/hum,  i.  396. 

Soto,  Ferdinand  de,  on  the  cultivation 
of  native  plants  in  Florida,  L  329. 

Spain,  hawthorn  monogynous  in,  i.  387, 

Spallanzani,  on  feral  rabbits  in  Li- 
pari,  i.  118;  experiments  on  ssila" 
mandem,  ii.  283,  357,  358 ;  experi* 
meats  in  feeding  a  pigeon  with  meat, 
ii.  294. 

Spaniels,  in  India,  i.  39 ;  King  Charles's, 
i.  43 ;  de|;eneration  of,  caused  by  in- 
terbrt^ing,  ii.  100. 

Spanish  fowls,  i.  237, 263, 268;  figured, 
L  238;  early  development  of  sexual 
cha  acters  in,  L  263 ;  furculum  of, 
figured,  i.  281. 

Species,  difficulty  of  distinguishing 
from  varieties,  i.  4;  conversion  of 
varieties  into,  i.  5;  origin  of,  by 
natural  selection,  ii.  410;  by  mutual 
sterility  of  varieties,  ii.  169>172. 

Spencer,  Lord,  on  selection  in  breeding, 
iL  179. 

Spencer,  Herbert,  nn  the  "survival  of 
the  fittest,"  L  6 ;  increase  of  fertility 
by  domestication,  ii.  89 ;  on  life,  iL 
130,  161 ;  changes  produced  by  ex-> 
temal  conditions,  ii.  270;  effects  (A 
nse  on  organs,  iL  286 ;  ascent  of  the 
aap  in  trees,  iMd.;  correlation  ex* 
amplified  in  the  Irwh  elk,  ii.  327,  328. 
on  '*  physiological  ojiita/*  U.   370| 
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astagousm  of  growth  aatl  reprodae- 
tioa,  ii  379. 

8PE1UIA10PHORE8  of  th«  ccpludopoda, 
iL379. 

SpERMAitmyiDS^  ii.  856,  357. 

SmiiraiD^  stcrilitj  of;  in  captlrHf, 
iL141. 

Spinoia,  on  the  injariovs  effect  pro- 
duced hf  flowering  bnckwhettt  on 
white  pigs,  ii.  331. 

Spitz  dog,  i.  32. 

Spoon  EB,  >V.  C,  cross-breeding  of 
•heep,  i.  104,  ii.  73,  74,  99;  on  the 
effects  of  crossing,  ti.  74,  75;  on 
crossing  cattle,  ii.  96;  indiTidval 
■terilitj,  ii.  146. 

Sforks,  reproduction  of  nbnorma]  formf 
bj,  i.  408. 

Sports,  L  397 ;  in  pigeons,  L  223. 

Spot  pigeon,  i.  163,  217. 

Sprenoel,  C.  K.,  on  dichogamons  pUnts, 
ii.  68 ;  on  the  hoHyhoclc,  ii.  86 ;  on 
the  functions  of  flowers,  ii.  159. 

Sproulb,  Mr.,  transmission  of  hare-lip, 
L466. 

Spurs,  of  fowls,  i.  267 ;  development 
of,  in  hens.  ii.  310. 

Squashes,  i.  381. 

Squinting,  hereditary,  i.  453. 

Squirrels,  generally  sterile  in  cap- 
tivity, ii.  1H5. 

Squirrels,  flying,  breeding  in  confine- 
ment, ii.  135. 

^  Staariialsioe  Tanbe,"  i.  169. 

SrAO,  one-homed,  supposed  heredity  of 
character  in,  i.  456 ;  degeneracy  of, 
in  the  Highlands,  ii.  192. 

SfAMENS^  occnrrenoe  of  rudimentary, 
ii.  307 ;  conrersion  of,  into  pbtils,  L 
389 ;  into  peUls,  ii.  386. 

StaphyleOj  ii.  152. 

Steenstbup,  Prof.,  on  the  dog  of  th« 
Danish  Middens,  i.  18;  on  the  ob- 
liquity of  flounders,  ii.  28. 

Steinan,  J.,  on  hereditary  diseases,  L 
451,  ii.  55. 

Stephens,  J.  F.,  on  the  habits  of  tht 
Bombyddse,  i.  294. 

STERiLirr,  in  dogs,  consequent  on  eloM 
confinement,  i.  33 ;  comparative,  of 
crosses,  it  82,  83 ;  from  changed 
conditions  of  life,  ii.  130-149;  oc- 
curring in  the  descendants  of  wild 
animals  bred  in  captivity,  iL   143; 


individual,  ii.  146;  resalting  flrom 
propagation  by  buds,  cuttings,  bulbs, 
•cc,  ii.  153 ;  in  hybrids,  iL  162-165, 
3S3,  44)5,  406  ;  in  specific  hybridn  at 
pigeons,  L  203;  as  connected  with 
natural  selection,  ii  169-172. 

Sternux,  characters  of  the,  in  rabUts. 
i.  128;  in  pigeons,  L  177,  184;  in 
Ibwls,  i.  282,  288 ;  effects  of  disuse 
on  the,  i.  180,  184>188. 

Stewart,  H.,  on  hereditary  disease,  ii.  55. 

Stioxa,  variation  of  the,  in  cultivated 
Cucurbitaeec,  L  882;  satiation  of 
the,  L  434,  435. 

Stockholm,  fruit-trees  of,  ii  297. 

Stocks,  bod-variation  in,  i  407  ;  effect 
of  crossing  upon  the  colour  of  the 
seed  of,  i  429 ;  true  by  seed,  i  463 ; 
crosses  of,  ii  71 ;  vart'ties  o^  pro- 
duce 1  by  selection,  ii  204 ;  reversion 
by  the  upper  seeds  in  the  pods  of^  ii 
340. 

Stockton,  Houoh,  direct  action  ot 
pollen,  i  431. 

Stokes,  Prof.,  calculation  of  the  chance 
of  transmission  of  abnormal  peculi- 
arities in  man,  i  449. 

Stolon^  variations  in  the  production 
of,  by  strawberries,  i  375. 

Stomach,  structure  of  the,  affected  by 
food,  ii  292. 

Stone  in  the  bladder,  hereditary,  i  452, 
ii.  55. 

Stonehenoe,  on  maturity  of  the  dog, 
i  36 ;  inherited  effects  of  injury,  i. 
470;  cross  between  bnlMog  and 
greyhound,  ii.  65;  close  interbreed- 
ing of  greyhound,  ii.  100 ;  fleetness 
of  race-horses,  ii.  229. 

Storer,  J.,  pedigree  of  cattle,  ii  96. 

Strawberries,  i  372-376;  remark- 
able varieties  of,  i.  374,  375 ;  hant- 
bois  dioecious,  i  375 ;  selection  in,  ii. 
184;  probable  further  modi£catioa 
of,  ii  229 ;  variegated,  effects  of  soil 
on,  ii  263. 

Strickland,  A.,  on  the  don»estieatioB 
of  Anser  ferns,  i  303 ;  on  the  colour 
of  the  bill  and  legs  in  geese,  i  304. 

StrickmnSj  i.  192. 

Stripes  on  young  of  wild  swine,  i.  80 ; 
of  domestic  pigs  of  Turkey,  West* 
phalia,  and  the  Zambesi,  iidL;  ol 
feral  swine  of   Jamaica  and    X«« 


INDEX. 


4S7 


OniDada,  i.  81 ;  of  fruit  and  flowers, 

i.  430,  ii.  U ;  io  hon«,  i.  58-^>3;  in 

the  iM,  i.  66,  67  ;  prodaetion  of^  hj 

croMing  tp«des  of  Equidae,  ii.  16,  17. 
Strix  graUaria,  ti.  392. 
Slrix  pataerina,  ii.  137. 
«•  Strupp-Taubb,"  L  163. 
Stbothebs,  D.,  osteology  of  the  feet  in 

solid-hoofed   pigs,   i.   78;    on  poly- 

dactjlism,  L  457,  458. 
Sturm,  prepotency  of  transmiiwion  of 

characters  in  bheep  and  cattle,  ii.  41 ; 

absorption  of  the  minority  in  crossed 

races,  ii.  65;  correlation  oC  twisted 

horns  and  curled  wool  in  sheep,  ii. 

318. 
Suo-5PiX»GB,  wild,  of  ColnnAa  lioia  and 

other  pigeoaa,  i.  214. 
SuoCEauox,  geological,  of  organisms,  i. 

11. 
Suckers,  bad-rariation  by,  i.  409. 
SuoAR'GANiS,  sterility  of,   in  Tarions 

countries,  ii.  1 53 ;  sporting  of,  i.  410 ; 

white,  liability  of,  to  disease,  ii.  213, 

330. 
SuiciDB,  hereditary  tendency  to,  L  451, 


11.  56. 


SuuVAir,  Admiral,  on  the  horses  of  the 

Falkland  Islands,  i.  55;  wild  pigs  of 

the  ITalkland  Islands,  i.  80 ;  feral  cattle 

of  the  Falkland  Islands,  i.  89,  06; 

feral  rabbits  of  the  Falkland  Isiaada, 

i.  117. 
Sultan  fowl,  i  240,  267. 
Sus  iruiicus,  L  68,  70-72,  ii.  89. 
Susplidoeps  (fignied),  L  72. 
Sus  acrofoj  i.  68,  69,  ii.  89. 
Sh8  icrofa  palustrtB,  i.  71. 
Sas  aejinarieHtiSf  L  7L 
8u8  vittatust  i.  70. 

Swallows,  a  breed  of  pigeons,  L  64. 
Sweet  peas,  iL  68 ;  crosses  of,  ii.  71 ; 

varieties  of^  coming  trne  by  seed,  i. 

463 ;  acclimatisation  of,  in  India,  ii. 

302. 
Sweet  William,  bvd-variation  in,  i.  406. 
SwiiniOE,  R.,  OE  Chinese  pigeons,   i. 

155,  216;  on  striped  Chinese  hordes, 

1. 6 1 ;  on  the  japanned  peacock,  i.  SOf  . 
Sa'ITZERLAND,  uncient  dogs  of,  i.  19; 

pigs  of,  in  the  Neolithic  period,  i.  71 ; 

goats  ot,  L  105. 
Stcamorb,  pale-leared  variety  of  the, 

ii.324. 


Si'KES,  Colonel,  on  a  pariah  dog  with 
crooked  legs,  i.  17 ;  o.i  small  Indian 
assea,  i.  65 ;  on  OaUu$  BonnenUiiy  i. 
245 ;  on  the  voice  of  the  Indian  Knln 
cock,  i  272;  fertility  of  the  fowl  in 
most  climates,  ii.  144. 

SYMMETur,  hereditary  departures  from, 

Sffmphyium,  variegated,  1.  410. 
Srpiiiufl,  herediUry,  ii.  325. 
Syria,  asses  of,  i.  65. 
Sjfrinta  pertiooj  chmenM,  and  mUgttris, 
iL  148. 

Tacitus,  on  the  care  taken  by  the  Celts 

in  breeding  animals,  ii.  187. 
Toffetet  tignatOf  dwarf  variety  of,  i. 

463w 
Tahiti,  varieties  of  cultivated  plaata 

in,  ii.  243. 
Tail,  never  curled  in  wild  animals,  ii. 

2,M  L ;  rudimentary  in  Chinese  sheep, 

iL306. 
Tail-feathers,  numbers  of,  in  breeds 

of  pigeons,  i.  167,  168;  peculiarities 

of,  in  cocks,  i.  267 ;  variability  of,  in 

fowls,  i.  270 ;  curlcMJ,  in  Anaa  bodchM, 

and  tame  drakes,  i.  295. 
Tait,  Lawsok,  presence  of  hairs  and 

teeth  in  ovarian  tumours,  il.  365. 
Talent,  hereditary,  i.  451. 
Tankervillb,  Earl  of,  on  Chillingham 

cattle,  i.  88,  ii.  97. 
Tanner,  Prof.,  effecU  of  disuse  of  parts 

in  cattle,  ii.  289. 
Tapir,  sterility  of  the,  in  captivity,  lu 

133. 
TAROiONi-TozzETn,      on      cultivated 

plants,  i.  323 ;  on  the  viae,  i.  352 ; 

varieties  of  the  peach,  i.  363 ;  origin 

and   varieties  of  the  plom,  i.  367; 

origin  of  the  cherry,  L  368 ;  origin 

of  roses,  i.  390. 
Tarsus,  variability  of  the,  in  fowls,  i. 

272 ;  reproduction  of  the,  in  a  thru>h, 

ii.  858. 
Tartars,  their  preference  for  spiral- 
horned  sheep,  ii.  194. 
Tavern lER,  abundance  of  pigeons  in 

Persia,  i.  215. 
Taxus  baccatcif  i.  461. 
Taylor,  Mr.,  potato-grafting,  i.  420. 
Teebay,  Mr.,  reversion  in  fowls,  ii.  12. 
Teltu,  number  and  position  of,  in  dogi) 
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•  t.  8J;  deficiency  ot,  in  naked  Tnrkbh 
doft,  i.  M ;  period  of  •ppemnnce  ot, 
in  breeds  of  doge,  ibid. ;  precocity  of, 
ir  highly-bred  nnimala,  ii.  313 ;  cor- 
relation of,  with  hair,  U.  319 ;  double 
row  of,  with  redundant  hair,  in  Jnlia 
Paetraaa,  ii  321 ;  affected  in  form 
by  hereditary  syphilis  and  hj  pulmo- 
nary tubercle,  ii.  325;  dereloped  on 
the  palate,  ii.  385. 

TtxiETMEiER,  Mr.,  on  a  cat  with  mon- 
strous teeth,  i.  50;  on  a  swifl-like 
pigeon,  i.  165;  on  sexual  colours^  i. 
i70;  naked  young  of  some  pigeons, 
I.  179 ;  fertility  of  hybrid  pigeons,  i. 
201 ;  on  white  pigeons,  ii  215;  re- 
Tersion  in  crossed  breeds  of  fowls,  L 
251-256;  chicks  of  the  white  silk- 
fowl,  i  261;  derelopment  of  the 
cranial  protuberance  in  Polish  fowls, 
L  262 ;  on  the  skull  in  the  Polish 
fowl,  i.  268,  275;  on  the  intelligence 
of  Polbh  fowls,  i.  276;  correlation 
of  the  cranial  protuberance  and  crest 
in  Polijih  fowls,  i.  289;  derelopment 
of  the  web  in  the  feet  of  Polish  fowls, 
L  272 ;  early  derelopment  of  sereral 
peculiarities  in  Spanish  cocks,  i.  263  ; 
on  the  comb  in  Spanish  fowls,  i.  266 ; 
on  the  Spanish  fowl,  ii.  296 ;  rarieties 
of  game-fowls,  i.  264;  pedigrees  of 
game-fowls,  i.  447 ;  assumption  of 
female  plumsge  by  a  game-cock,  i. 
265;  natural  selection  in  the  game- 
cock, ii.  210;  pugnacity  of  game- 
hens,  i.  268 ;  length  of  the  middle 
toe  in  Cochin  fowls,  i.  272 ;  origin  of 
the  Sebright  bantam,  ii.  29 ;  differ- 
ences in  the  size  of  fowls,  i.  270; 
effect  of  crossing  in  fowls,  9iid, ;  ii. 
74 ;  effects  of  interbreeding  in  fowls, 
ii.  105, 106 ;  incubation  by  mongrels 
of  non-sitting  races  of  fowls,  ii.  18; 
inrerse  c  irrelation  of  crest  and  comb 
in  fowls,  i.  288;  occurrence  of  pec- 
cilled  feathers  in  fowls,  ii.  14;  on  «i 
Tariety  of  the  goose  from  Sebastopol, 
i.  304;  on  the  fertility  of  the  pea- 
hen, ii..  91 ;  on  the  intercrossing  of 
bees,  ii.  107. 

T»Ji]f  IKCK,  origin  of  domestic  cats,  i  46 ; 
origin  of  domestic  pigeons,  i.  189  ;  on 
Cf^umha  jfnuMO,  L  192;  on  Colwnha 
leuoooephala^   ibid,  f    asserted    reiuo- 


tanoe  of  some  breeds  of  pigeons  to 
cross,  i.  202;  sterility  of  hybrid 
turtI»4lores,  L  203;  rariations  of 
Callus  btuMea,  i.  247;  on  a  bnff- 
ooloured  breed  of  turkeys,  L  309; 
number  of  eggs  laid  by  the  peahen, 
ii.  91 ;  breeding  of  guans  in  captirity, 
ii.  139 ;  behariour  of  grouse  in  cap* 
tirity,  ibid, ;  sterility  of  the  partridge 
in  captirity,  iMcf. 

TfiNOKiu  in  Cucnrbitacec,  L  381,  ii 
306. 

TEXNEirr,  Sir  J.  £.,  on  the  goose,  L 
30*2 ;  on  the  growth  of  the  apple  in 
Ceylon,  iL  266 ;  on  the  Jafina  sheep, 
iL292. 

Ttredo^  fertilisation  in,  iL  856. 

TCRRIER8,  wry-Ieg^ed,  ii.  232 ;  white, 
subject  to  (bstemper,  ii.  330. 

Tebchkmacher,  on  a  husked  form  of 
maize,  i.  339. 

T£bbi£B,  on  the  period  of  gestation  ot 
the  dog,  i.  SO;  of  the  pig,  i.  77  :  in 
cattle,  L  90 ;  experiments  on  change 
of  soil,  ii.  129. 

JHrao,  breeding  of  species  atf  in  capti* 
rity,  ii.  139. 

Tetrapterys  paradiiea,  ii.  140. 

Ihtcrium  oumpjuyiaiumf  pelorism  in,  ii. 
337. 

Texas,  feral  cattle  in,  L  89. 

Theookh,  his  notice  of  the  domestic 
fowl,  i.  258. 

THEOPIIRA8TU8)  his  notice  of  the  peach, 
ii.  299. 

Thesiton,  ii.  274. 

Thompson,  Mr.,  on  the  peach  and  nec^ 
tsrine,  i.  363 ;  on  the  rarieties  of  the 
apricot,  i.  365 ;  classification  of  rarie- 
ties of  cherries,  i.  369 ;  on  the  "Sister 
ribston  -  pippin,"  i.  372;  on  the 
rarieties  of  the  gooseberry,  L  376, 
877. 

TiiOMFSOS,  WiLUAM,  on  the  pigeons  of 
Islay,  i.  193;  feral  pigeons  in  Scot- 
land, i.  Ivi;  colour  of  the  bill  and 
legs  in  geese,  i.  304;  breeding  of 
Tetrao  sootius  in  captirity,  ii.  1.S9; 
destruction  of  black  fowls  by  the 
osprey,  ii.  215. 

Thorn,  grafting  of  early  and  late,  L 
386 ;  Glastonbury,  i.  387. 

Thorns,  reconrersion  of,  izkto  brandiei^ 
in  pear  trees,  ii.  310. 
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THBCfii,  aaterted  reproductioD  of  the 

tar  118  in  a,  ii.  358. 
Th^pendula  or  fiiformii,  m  variety  of 

r.  ortentcUis,  i  386. 
Thuret,  on  the  diriaion  of  the  zoospores 

of  an  alga,  ii.  372. 
THWAiTisBy  0.  H.,  on  the  cats  of  Ceylon, 

i.  48 ;  on  a  twin  seed  of  I^ichsia  ooo 

cmea  and  fulgens,  L  426. 
TiDUBTiUB,  experiments  in  rearing  wild 

dadcs,  L  292. 
Tiger,  rarely  fertile  in  capiiTity,  iL 

133. 
TijrkUa  oonchifiorOj  bnd-Tariation  in,  i. 

412. 
Time,  importance  of,  in  the  production 

of  races,  iL  230. 
TiNZMAHiT,  selfoimpotence  in  the  potato, 

ii.  11& 
TiSBUis,  affinity  of,  for  special  organic 

substances,  iL  375. 
TiT^iiCB,  destmctire    to    tbin-shel!ed 

walnuts,  L  379 ;  attncking  nuts,  ilnd.; 

attacking  peas,  iL  216. 
TOBAOOO,    crossing    of    rarieties     of, 

ii.  87;  cultivation  of,  in  Sweden,  iL 

298. 
TonoLBK,  red-coloured  cats  of,  L  49. 
Tof-a,  relative  length   of,  in  fowls,  i. 

272 ;  deTclopmentof  fifth,  in  dogs,  ii. 

309. 
foLLET,  Mr.,  his  selection  of  cattle,  iL 

183. 
Tomato,  ii.  68. 

ToMics,  inheritance  of  dental  malforma- 
tions, L  452. 
Tomtits.    See  Titmice. 
ToNOUE,  relation  of,   to  the   beak  in 

pigeons,  L  77. 
Tooth,  occurrence  of  a  molar,  in  place 

of  an  incisor,  ii.  385. 

«*  TORFBCHWBIN,"  L  71. 

Trail,  R.,  on  the  onion  of  half-tubers 
of  different  kinds  of  potatoes,  L 
420. 

Trees,  varieties  of,  suddenly  piodoced, 
i.  384 ;  weeping  or  pendulous,  L  385 
fastigate  or  pyramidal,  ibid,  /  with 
variegsted  or  changed  foliage,  ihid, 
early  or  late  in  leaf,  L  386 ;  forest 
Bon-application  of  selection    to,  i^ 
223. 

•  rBEMfiLEUB"  (piftons),  L  153. 


Trkmiilkt,  on  reproduction  in  H}drit 

ii.  352. 
*'Tri'VOLTINI  **  silkworms,  L  318, 319. 
TricluMtntfiftt  anguina,  i.  383. 
Tricks,  inheritance  of,  L  450, 451. 
I  Trifolimn  nwiMS  and  repetu,  ii.  147. 
!  Trimorphzg  plants,  conditions  of  repro- 
I      duction  in,  iL  165-169. 
Tristram,  H.  B.,  selection  of  the  drome* 

dary,  ii.  190. 
Triticum  (Uooccum,  i.  337. 
Triticum  tnonocooauny  i.  337. 
Triticum  speita,  i.  337. 
Triticutn  iurgidwnf  L  337. 
Tnticutn  vulgare,  wild  in  Asia,  1.  830. 
Trito.'Y,  breeding  in  the  branchiferous 

stage,  ii.  379. 
<*  Trommbl-Taube,**  i.  162. 
**Tboxfo"  pigeon,  L  151. 
TVoptro/iim,  ii.  11. 
Tf'op(Poiuin  minu$  and  m^us,  reversion 

in  hybrids  of,  L  425. 
Troubetzkot,      Prince,     experiments 

with  pear-trees  at  lioscow,  iL  297. 
Trousseau,  Prof.,  pathological  renem- 

blance  of  twiws  ii*  239. 
Trumpeter  pigeon,  L  162;  known  in 

1735,  L  217. 
Tkharner,  H.  a.  db,  gnift-hybrid  pro- 
duced by  inosculation  in  the  vine,  i. 

419. 
Tbchudi,  on  the  naked  Peruvian  dog, 

L  24;   extinct  varieties    of    maixe 

from   Peruvian   tombs,    L    338,    iL 

421. 
Tubers,  bud-variation  by,  L  409-411; 
Tuckerman,    Mr.,  sterility  of  Care» 

riffida,  ii.  154. 
Tufted  ducks,  L  295. 
Tuups,  variability  of,  i.  894;  bud-vans- 

tion  in,  L  411,412:  influence  of  soil 

in  "breaking,"  L  411. 
Tumbler  pigeon,  i.  156-161;   short- 

fnced,  figured,  i.  160;  skull  figured, 

L   172 ;  lower  jaw  figured,  L  173 ; 

scapula  and  furculum  figured,  L  176 ; 

early  known  in  India,  L  217 ;  history 

of,  L   219;   sub-breeds  of,  L   230; 

young,  unabb  to  break  the  egg-shell, 

iL  211 ;  probable  further  modificatioi 

of  ii  229 
«  TCmmler  ••  (pigeouR),  I  156. 
Tumours,  ovarian,  occorrence  of  hn2ff3 
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and  toeth  io,  ii.  365 ;  polypoid,  origin 
of,  ii.  377. 

TORBIT  (pigeon),  L  156,  219. 

Turkey,  domeAtie,  origin  of,  i.  308; 
crossing  of.  with  North  American  wild 
torkej,  L  308,  309 ;  breeds  of,  i.  308; 
crested  white  coclc,  i.  309 ;  wild,  cha- 
meters  of,  i.  309,  310;  degenermtion 
of,  in  India,  i.  310;  ii.  267;  failure 
of  eggs  of,  in  Delhi,  ii.  145 ;  feral,  on 
the  Parana,  i.  199 ;  change  produced 
in,  by  domestication,  Ii.  350. 

TuRKBT.  striped  young  pigs  in,  i.  80. 

**  TURKUCHB  TaUBK,"  1.  146. 

Turner  (pigeon),  i.  164b 
Turner,  C,  on  the  hollyhock,  i.  66. 
Turner,  W.,  on  cells,  ii.  366. 
Turnips,  origin  of,  L  344 ;  rerersion  in, 

ii.  5 ;  mn  wild,  ii.  7 ;  crosses  o^  ii.  7 1, 

74;  Swedish,  preferred  by  hnres,  ii. 

217  ;  acclimatisation  of,  in  India,  ii. 

302. 
Turnspit,  on  an  Egyptian  moanment, 

L  17  ;  crosses  of  the,  ii.  70. 
Turtle-dove,    white    and    oolonrsil, 

crossing  of,  ii.  70. 
Turtmr  auritHi,   hybrids  of,  with    T, 

oambayenM    and     T.    suraisiuas,   i. 

203. 
Ikrtur  risortMs,  croesing  of,  with  the 

common  pigeon,  i.  202;  hybrids  of, 

with  T.  vtUijcirii,  ibkJL 
T»rtur  sHratenais^   sterile   hybrids  of, 

with  T.  vuUforuy  i.  203 ;  hybrids  of, 

with  T.  auritutj  ibid. 
Turtur  vulfforig^  crossing  o^  with  the 

comoion  pigeon,  i.  203 ;    hybrid  of, 

with  7*.  risuritu,  ibid. ;  sterile  hybrids 

of,  with  T.  turatensit  and  Edopiatn 

migrxttoriuSy  ibid. 
Tusks  of  wild  and  domesticated  figs,  i. 

79,  80. 
TussUago  farfara,  variegated,  1.  410. 
Twin-seed    of   Fuchsia   coocinea    and 

fulff€tu,  i.  426. 
Tterman,  B.,  on  the  pigs  of  the  Pacific 

Islands,  i.  73,  ii.  64 ;  on  the  dogs  of 

the  Pacific  Islands,  ihid. 
Tylor,  Mr.,  on  the  prohibition  of  con- 

sapg!iineous  marriages,  ii.  103. 

Udderb,  development  of  the,  iL  290. 
IT^ssfy  double- Bowered,  iL  151. 


Ulmus  oampettrii  and  efffua^  hybrids  o^ 

ii:  III. 
Ukiporhity  of  character,  maintained 

by  crossing,  ii.  62-67. 
Unitb  of  the  body,  functional  independ- 
ence of  the,  ii.  364-366. 
Unity  or  plurality  of  origin  of  organisms^ 

i.  13. 
Urea,  secretion  of,  ii.  375. 
Use  and  disuse  of  parts,  eflbcta  of,  ii.  285, 

293,  345, 346, 413, 414;  in  rabbits,  i. 

129-134;  in  dncks,  L  299>301. 
Utility,  considerations  of,  leading  to 

uniformity,  ii.  227. 

Valentin,  experimental  production  \^ 
doable  monsters  by,  iL  385. 

VaUota,  iL  121. 

Van  Beck,  Barbara,  a  hairy-faced 
woman,  i.  448. 

Van  Mons,  on  wild  fruit-trees,  L  329, 
iL  248 ;  production  of  varieties  o&the 
vine,  L  353;  correlated  variability 
in  fruit-trees,  ii.  324 ;  production  of 
almond-like  fruit  by  peacfa-eeedlinpiy 
i.  359. 

Vanessi,  species  of,  not  copulating  in 
captivity,  ii.  141. 

Variabiuty,L  4,  iL  366-369,388-390, 
401-416 ;  causes  of,  iL  237-255 ;  cor- 
related, iL  311-332,  346,  347,  415, 
416 ;  law  o^  equable,  ii.  344,  345 ; 
necessity  of,  for  selection,  iL  174; 
of  selected  characters,  ii.  225;  of 
multiple  homologous  parts,  iL  334. 

Variation,  laws  of,  iL  283-348 ;  con- 
Unuity  of;  iL  227 ;  possible  limita- 
tion  of,  ii.  218,  413,  414 ;  in  domestic 
cats.  L  47-fO;  origin  of  breeds  of 
cattle  by,  L  91 ;  in  usteological  cha- 
racters of  rabbits,  L  120-136;  of 
important  organs,  i.  382 ;  analogous 
or  parallel,  L  340-343 ;  in  horses,  L 
58 ;  in  the  horse  and  ass,  L  67 ;  in 
fowU,  L  255-258;  in  geese,  L  303; 
exemplified  in  the  production  of 
fleshy  stems  in  cabbages,  Ice,  L  344 ; 
in  the  |)e«ich,  nectarine,  aid  apricot, 
i.  363,  365 ;  individual,  In  wheat,  L 
331. 

Variegation  of  foliage,  L  409,  iL  151. 

Varieties  and  species,  resemblanoe  of, 
L  4,  iL  406-408 ;  converaion  of,  itte 
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1.    5 ;    abnormal,   U.    409 ; 
domestic,  graduallj  produced,  ii.  411. 

T  &BBO,  on  domestic  dacks,  i.  29 1 ;  on 
feral  fowls,  iL  7 ;  crossing  of  the 
wild  and  domestic  ass,  ii.  190. 
Taset,  Mr.,  on  the  number  of  sacral 
Tertebne  in  ordinary  and  humped 
cattle,  i.  83 ;  on  Hungarian  cattle,  i. 
84. 

Vauoher,  sterilitj  of  Sanunetiliu 
fioaria  and  ^Ioo^-ms  ca/amtw,  ii.  154. 

TEOiiTADLiaB,  cttltiTated,  reversion  in, 
ii.  7  ;  European,  culture  of,  in  India, 
iL  152,  153. 

VjeiTH,  Mr.,  on  breeds  of  horses,  i. 
51. 

rtfrhucion,  intercrossing  of  species  of,  L 
856,  it  71,  83-85;  reversion  in  hj- 
brids  of,  L  425;  self-sterility  of,  ii. 
118;  contabescent,  wiM  plants  o^  U> 
149;  Tillosity  in,  ii.  267. 

VeHnKitm  cnutriacum,  iL  117. 

rerboKum  bhttaria,  iL  83,  84. 

Verbaacwnlyc'.nUia,  iL  83,  84, 117. 

VgHMBcmm  nigrwn,  iL  117. 

V^rbatomn  phtmioeum,  iL  85, 118 ;  Tsri- 
able  duration  of,  iL  295. 

VerbatcMM  thap$ta,  iL  84,  118. 

Verbenas,  origin  of,  i.  388;  white, 
liability  of,  to  mildew,  iL  213,  330; 
scorching  of  dark,  iL  214, 330 ;  effect 
of  changed  conditions  of  life  on,  iL 
263. 

Veblot,  on  the  dark-leaved  barberry, 
L  385;  inheritance  of  peculiarities 
of  foliage  in  trees,  Pnd.;  produc- 
tion of  koM  ocmnabifoUa  by  bud-rari- 
ation  from  JR,  alba,  L  406;  bud- 
rartation  in  Aralia  irifoliata,  L  408 ; 
Turiegation  of  leaves,  ibii.  ;  colours 
of  tulips,  L  412 ;  uncertainty  of  in- 
heritance, L  461;  persistency  of 
white  flowers,  L  463;  peloric  flowers 
ofLmaria,  IL  32 ;  tendencv  of  striped 
flowers  to  uniformity  of  colour,  ii.  46 ; 
non-intercrossing  of  certain  allied 
plants,  iL  68  ;sterility  of  Primula!  with 
coloured  calyces,  iL  150;  on  fertile 
proliferous  flowers,  ibid, ;  on  the  Irish 
yew,  iL  t28 ;  ditferences  in  the  Ca- 
mellia,  ii.  238 ;  effect  of  soil  on  the 
variegated  strawberry,  iL  263 ;  cor- 
related variabUity  in  plants,  ii.  324. 


nrmoo,  iL  26,  394. 

VERTEBRiE,  characters  of,  in  rabbits,  L 
126-128;  in  ducks,  L  297,  298; 
number  and  variations  of,  in  pigeons, 
i.  174,  175;  number  and  characters 
of,  in  fowls,  L  279-281 ;  variability 
of  number  of,  in  the  pig,  L  77. 

Vertucii.    See  Putbche. 

"VERDOA8,"iL266. 

Vespucius,  early  cultivation  in  Braxil, 
L  329. 

Vibert's  experiments  on  the  enltiv»- 
tion  of  the  vine  from  seed,  L  352. 

VHMmtum  opwius,  ii.  169,  307. 

Vicia  sativoj  leaflet  converted  into  a 
tendril  in,  iL  386. 

Vicunas,  selection  of,  ii.  192. 

ViLLOSiTY  of  plants,  infloenced  by  dry- 
ness iL  267. 

ViLMORiN,  cultivation  of  the  wild 
carrot,  L  344,  iL  267;  colours  of 
tulips,  L  412;  uncertainty  of  in- 
heritance in  balsams  and  roses,  i. 
4<!1 ;  experiments  with  dwarf  varie- 
ties of  Saponaria  oalabrioa  and  Tagetes 
eignata,  L  463  ;  reversion  of  flowers 
by  stripes  and  blotches,  iL  11 ;  on 
rariability,  ii.  250. 

Fmca  minar,  sterility  in,  iL  154. 

Vine,  L  352-^54;  parsley-leaved,  re- 
version of,  L  408 ;  graf^h  vbrid  pro- 
duced by  inosculation  in  the,  i.  419 ; 
disease  of,  influenced  by  colour  of 
grapes,  iL  213,  214;  influence  of 
climate,  &c.,  on  varieties  of  the,  iL 
267 ;  diminished  extent  of  cultiva- 
tion of  the,  ii.  298 ;  acclimatisation 
of  the,  in  the  West  Indies,  ii.  304. 

Viola,  species  of,  L  391. 

Viola  Mea,  different  coloured  flowers 
in,  L  440. 

Viola  trioohr,  reversion  in,  ii.  4,  22. 

ViROHOW,  Prof.,  on  the  growth  of 
bones,  iL  284,  377 ;  on  cellular  pro- 
lification,  iL  85;  independence  of 
the  elements  of  the  body,  ii.  364 ;  on 
the  cell-theory,  ii.  366 ;  presence  of 
hairs  and  teeth  in  ovarian  tumours, 
ii.  365 ;  of  hain  in  tl  e  brtin,  ii. 
386  ;  special  affinities  of  the  tissues^ 
iL  375 ;  origin  of  polypoid  excres* 
cences  and  tumours,  ii.  377. 

ViBGiL^  on  the  selection  of  seed  con,  U 
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936,  U.  187  ;  of  aiU«  ud  ahmp,  ii. 
186. 

ViaoixiAK  blftiidt,  poniM  of,  i.  54. 

Vnios,  keNdiUrjr  pemluuitiw  of,  i. 
452, 453 ;  io  uaphibioaii  aniinaliii  u. 
308 ;  TariotiM  of,  ii.  390 ;  aliectioiu 
of  organt  oi,  correlatod  with  other 
peculiarities,  il.  321. 

ruii  vmiftra,  L  353-354,  399. 

Kiwrra,  tteriUtf  of  spedee  of,  in  cap* 
UTity,  ii.  134. 

Voosi^  yarietiei  of  the  date  palm,  ii 
243. 

VooT,  on  the  indication!  of  ttripea  on 
blaclc  kittens,  ii.  SO. 

Voice,  dirterenoet  of,  in  fowls,  L  372 ; 
peculiarities  of,  in  ducks,  L  296 ;  in- 
heritance of  peculiarities  o^  i.  450. 

VoLZ,  on  tlie  history  of,  tlie  dog,  i.  17 ; 
ancient  history  of  the  fowl,  L  258 ; 
domestic  ducks  unknown  to  Aristotle, 
i.  292 ;  Indian  cattle  sent  to  Uace- 
donia  by  Alexander,  ii.  186 ;  mention 
of  mules  in  the  Bible,  ii.  186; 
history  of  the  increase  of  breeds,  ii. 
231. 

Vox  Bbro,  on  Vsrhaaaim  phamonm^ 
ii.  295. 

VooRHELM,  G.,  his  knowledge  of  hyn- 
cinths,  i.  395,  ii.  238. 

Vbolik,  Frof.,  on  polydaotylism,  L 
457;  influence  of  the  shape  of  the 
mother's  pelris  on  her  child's  head, 
ii.  336. 

Wade,  droopiag  eyelids  tnnsaiitted, 

i.  452. 
Wadkba,  bekaTicur  of,  in  eonfi.jment, 

ii.  140. 
Wag  NEE,    MOBXTZ,  oriental  dogs,   IL 

2J2 
WAfiLKiinoiia,  on  the  propagation  of 

Alpine  plants  by  buds,  runners,  bulbs, 

&c.,  ii.  154. 

**  WAHLVEBWAND18CHArT"ofGirtner, 

ii.  164. 
Wales,  white  cattle  ol^  in  the  tenth 

century,  i.  89. 
Walkee,  a.,  on  intermarriage,  i.  436 ; 

on  the  inhoritanoe  of  polydaotylism, 

i.  458. 
WALKbB,  D.,  ndTuntage  of  change  of 

soil  to  wheat,  iL  128. 


Walkeb,  R.,  rerendon  in  eattk,  fi.  8. 

Wallaob,  a.  R.,  on  the  multiple  origin 
of  the  dog,  i.  27;  on  a  striped 
Jaranese  horse,  L  61 ;  on  the  condi- 
tions of  life  of  feral  animals,  ii.  6 ; 
artificial  alteration  of  the  plumage 
of  birds,  iu  269 ;  on  polymorphic 
butterflies,  iL  394 ;  on  reTersion,  ii. 
41 1 ;  on  the  limits  of  change,  ii.  412. 

Wallaob,  Dr.,  on  the  sterility  of 
SphingidsB  hatched  in  autumn,  ii. 
141. 

Wallaohiav  sheep,  sexual  peculiari- 
ties in  the  horns  of,  i.  99. 

Walltlowkb,  bud-Turiation  in,  i.  407. 

Walucr,  Dr.,  on  Thuja  penduta  or 
//i/onMS,  L  386. 

Walnuts,  i.  379,  880;  thin-ehelled, 
attacked  by  tomtits,  L  379;  iL  216 ; 
grafting  of,  ii.  247. 

Walbu,  B.  D.,  on  attacks  of  insects,  L 
371;  on  galls,  iL  272,  273;  bis 
*«Uw  of  equable  TariabUity,"  iL 
344,345. 

Waltheb,  F.  L.,  on  the  history  of  the 
dog,  L  17;  on  the  intercrossing  U 
the  cebu  and  ordinary  cattle,  L  87. 

Wabivo,  Mr.,  on  individual  sterility. 
iL  146. 

Watereb,  Mr.,  spontaneous  prodno- 
tion  of  Cytinu  aijaino'kdmrmuHf  L 
416. 

Waterhoube,  a.  R.,  on  the  wintar- 
oolouring  of  Zepus  variubUm,  L  115.^ 

Watebtoh,  C,  production  of  tailietfe 
foaU,  i.  56 ;  on  taming  wild  ducks, 
L  292 ;  on  the  wildness  of  half  bred 
wild  ducks,  ii.  30 ;  assumption  of  male 
characters  by  a  ben,  ii.  36. 

Watsok,  H.  a,  on  British  wild  fndt- 
trees,  L  329 ;  on  the  non-rariation  of 
weedn,  L  335 ;  origin  of  the  plum,  i. 
366;  rariation  in  Pynu  mahuj  L 
370 ;  on  Viola  amema  and  frsoo/or,  L 
392 ;  on  reversion  in  Scotch  kail,  iL 
35  ;  fertility  of />rti6a  tylvetMa  when 
cultivated,  ii.  147 ;  on  generally 
distributed  British  plants,  ii.  275. 

Wattles,  rudimentary,  in  some  fowls, 
ii.  306. 

Watis,  Miss,  on  Sultan  fowls,  L  240. 

Weub,  Jonas,  interbreeding  of 
ii.98. 
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WuMte^  eifcot  of  tk«  shape  of  the 
moher'f  peWia  on  her  child's  head^ 
ii.  336. 

WKDDERBumr,  Mr^  oomUtaoB  of 
teeth  and  hair,  ii.  319. 

Weeds,  stippowd  neceadty  for  their 
modification,  coinddently  with  culti- 
vated plants,  i.  335. 

Wbepixo  rarieties  of  trees,  i.  385. 

Weepiho  habit  of  trees,  capricious  in- 
heritance of,  L  461, 462. 

Weevil,  injury  done  to  stone-fmlt  bj, 
in  North  America,  ii.  217. 

Weuenbeboh,  on  parthenogenesis,  H. 
856. 

Weik,  H.,  large  litter  of  pigs,  iL  90. 

Weir,  Jenneb,  on  the  japanned  pea- 
cock, i.  306 ;  mare  and  qoagga,  i. 
435  ;  wildness  of  mnle  siskin^  ii.  20. 

Wbumann,  Prof.,  rsTersion  from  un- 
nataral  conditions,  ii.  25 ;  isolation, 
iL  262;  dimorphic  bntterflies,  ii. 
271 ;  caases  of  Tariabilitj,  ii.  *J82. 

Welsh  cattle,  descended  from  Bos  Umg% 
fruns^  i.  85. 

West  Indies,  feral  pigs  of,  i.  80 ;  effect 
of  climate  of,  upon  sheep,  i.  102. 

Westexh,  Lord,  change  effected  bj,  in 
pigs,  i.  82,  101 ;  in  the  sheep,  ii.  182. 

WtaTPHAUA,  striped  young  pigs  in,  L 
80. 

Westwood,  J.  O.,  on  peloric  flowers  of 
Caleeoiaria,  ii.  338. 

Wethebell,  Mr.,  on  inheritance  of 
mutilations,  i.  466. 

Whatelt,  Archbishop,  on  grafting 
early  and  late  thorns,  L  386. 

Wheat,  specific  unity  or  diversity  of, 
:.  329,  330, 334, 335 ;  Hasora,  i.  335 ; 
prenence  or  absence  of  barbs  in,  i. 
331 ;  Godron  on  variations  in,  (bid. ; 
varieties  of,  L  331,332;  effecU  of 
Mil  and  climate  on,  i.  333 ;  deteriora- 
tion of,  i.  334 ;  crossing  of  varieties  of, 
ibid.,  ii.  74,  83,  110;  in  the  Swiss 
lake-dwellings,  i.  335-337 ;  selection 
applied  to,  i.  336,  ii.  184 ;  increased 
fertility  of  hybrids  of,  with  jEgUopt, 
ii.  88;  advantage  of  change  of 
soil  to,  ii.  128;  differences  of,  in 
various  parts  of  India,  ii.  149 ;  con- 
tinnous  variation  in,  11.  184;  red, 
hardiness  of,  U.  215,  330;  Fenton, 


H.S18;  Batnral  selection  la,  ibO.; 
varieties  of,  found  wild,  ii.  248; 
effects  of  change  of  climate  on,  ii. 
297 ;  ancient  variety  of,  ii.  425. 

WniTBr,  Mrs.,  on  the  markings  of 
silkworms,  i  318;  on  the  silk-moth, 
L319. 

White,  Mr.,  reproduction  of  supernu- 
merary digits  after  amputation,  i. 
459 ;  time  occupied  in  the  blending 
of  crossed  races,  ii.  64. 

White,  Oilbebt,  vegetable  diet  of  dogs, 
ii.  2^3. 

White  and  white*«potted  animals,  lia- 
bility of,  to  disease,  ii.  330, 331. 

Whitb  flowers,  most  truly  reproduced 
by  seed,  i.  463. 

WiCHURA,  Max,  on  hybrid  willows,  ii. 
25,  111,  255;  analogy  between  the 
pollen  of  old-cultivated  plants  and 
of  hybrids^  ii.  256. 

Widfisro,  l»r.,  inheritance  of  the  pri- 
mary diameters  of  Colmmba  iwia  in 
cross-bred  pigeons,  i.  210 ;  production 
of  a  white  head  in  almond  tumblers, 
ii.  183. 

WicuTED,  Mr.,  on  cases  of  individual 
sterility,  it  146. 

WiBOMANH,  spontaneous  crossing  of 
blue  and  white  peas.  i.  428 ;  crossing 
of  varieties  of  cabbage,  ii.  1 10 ;  on 
oontabescence,  ii.  149. 

Wight,  Dr..  sexual  sterility  of  plants 
propagated  by  buds,  &c.,  ii.  153. 

WiLCKBMB,  Dr.,  effect  of  previous  im- 
pregnation, i.  436 ;  alpine  breeds,  ii. 
290 ;  drooping  ears,  iL  291 ;  correla- 
tion of  hair  and  horns,  ii.  318. 

WiLDB,  Sir  W.  R.,  occurrence  of  Bot 

froniotusKod  hngifronsin  Irish  crsn- 

noges,  i.  85 ;  attention  paid  to  breeds 

of  animals  by  the  andent  Irish,  iL 

i87. 

Wilder.  Dr.  B.,  on  the  brain  of  dogs, 
L  35;  supemumemrv  digits  L  457. 

WiLDM AN,  on  the  dahlia,  iL  201,  268. 
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